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COURSE OF THE LOWER RIVER MURRAY IN SOUTH AUSTRALIA: 
EFFECTS OF UNDERPRINTING AND NEOTECTONICS? 


C.R. Twidale* & J.A. Bourne 

School of Earth and Environmental Sciences, Geology and Geophysics, 

University of Adelaide, Adelaide 5005. South Australia. 

* Corresponding author: telephone: +61 8 8303 5392; fax: +61 8 8303 4347: 

E-mail: rowl.twidale@adelaide.edu.au (C.R. Twidale) 

Twidale, C.R. & Bourne, J.A., 2009. Course of the Lower River Murray in South Australia: Effects 
of underprinting and neotcctonics? Proceedings of the Royal Society of Victoria 121(2): 207-227. 
ISSN 0035-9211. 

The change in direction of the River Murray from westerly to southerly at North West Bend has been 
attributed to faulting or warping, but no appropriate structure has been located in the country rock coinci¬ 
dent with the river course. Yet the angularity and the straightness of major sectors argue structural control. 
The plan course of the Murray downstream from Morgan is attributed to underprinting from basement 
fractures following the Middle Miocene but prior to the Late Pliocene. Uplift of the Marmon Jabuk struc¬ 
ture superimposed on the effects of underprinting accounts for major departures from the SSW trend 
downstream from North West Bend, as well as the impounding of Lake Bungunnia. The upper shallow 
section of the valley-in-valley form was shaped at a time of higher basclcvel in the Middle-Late Tertiary. 
The lower section is the present Gorge. The valley floor was lowered probably by subterranean solution 
and flow followed by collapse of the cavern roofs. Regression of the River at times of lower sea level 
caused the breach of the Marmon Jabuk blockage and the draining of Lake Bungunnia. 

Key worth: River Murray Gorge, underprinting. Lake Bungunnia, side-channels, Marmon Jabuk structure. 


'From Overland Corner to tlw lakes and islands of the mouth there is a gorge, determined in its 
directions by structural features, averaging a mile in width, cutting through level-bedded marine 
Miocene limestones’ (Fenner 1934: 86). 


THE RIVER MURRAY may be regarded as consist¬ 
ing of two parts. The upper or inland river consists of 
its headwaters and various major tributaries that con¬ 
verged and coalesced during the later Tertiary to 
form the endoreic, meandrine river flowing through 
western Victoria and New South Wales and into 
South Australia as far downstream as Overland Cor¬ 
ner. There its character changes as it enters a gorge 
bounded by colourful cliffs. This is the exoreic or 
lower Murray that leads to the sea. Moreover, as 
noted by Charles Sturt during his epic boat journey 
of 1829. after many days and weeks (lowing gener¬ 
ally westwards the River turned ‘suddenly to the 
south ... in a great NW angle’ (Sturt 1849,1: 10). 

This is but one of the problems posed by the 
course of the lower River Murray (Fig. 1) and dis¬ 
cussed in this paper: 

Why, following the withdrawal of the sea in the 
Middle Miocene and prior to the Late Pliocene, did 
the River turn abruptly from a westerly to a southerly 
course at North West Bend, near the present site of 
Morgan? 


Why are the River course and valley essentially 
straight between North West Bend and Swan Reach? 

What is the explanation for the prominent east¬ 
erly loops south of Swan Reach, namely the Nildot- 
tie Loop downstream from Big Bend, Cliucka Bend 
near Bowhill, and particularly, the pronounced west¬ 
erly deviation between Cliucka Bend and Tailem 
Bend, referred to here as the Mannum Loop? 

Did the inland waters overflow southwards and 
erode a valley, or was there an ancestral separate 
lower Murray that regressed northward from the then 
coast to capture the inland waters? 

Bearing in mind the calcareous nature of the 
country rock, was the Murray Gorge formed wholly 
by river erosion or did subterranean solution and col¬ 
lapse play a significant role in its formation? 

STRUCTURE AND STRATIGRAPHY 

The Murray Basin is a framed basin, i.e. a polygonal 
basin ‘framed’ by outcrops of basement rocks but un- 
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Fig. 1. (A) Location map. Extent of Murray River during glacial periods of low sea level shown by dotted lines (after 

Von der Borch 1968). 


derlain by depressed blocks (1 lills 1963: 336; sec also 
Fenner 1934: 83; Fig. 2A). In the west the Basin is 
dominated by outcrops of the flat-lying Mannunt 
Limestone. Essentially of Early-Middle Miocene age, 
it was deposited in a marine embayment overlying an 
Early Palaeozoic basement, the surface of which took 


the form of an undulating inselberg landscape devel¬ 
oped in a variety of igneous and metamorphic rocks. 
Some unweathered representatives are exposed in the 
inselbergs and other outcrops, particularly at the west¬ 
ern margin of the Basin. Such basement rocks have 
also been encountered in bores (Barnett 1989). The 
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Fig. 1. (B) Elevation (in metres AHD) of preTertiary basement, and structure of western Murray Basin (after Barnett 

1989). Faults in heavy lines, basic intrusions indicated by Vs. 
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crests of a few of the higher hills project from beneath 
the sedimentary cover in inliers such as Black Hill. 

The post-Miocene chronology of the Basin reflects 
the global sea level changes of the later Cenozoic 
(Stephenson & Brown 1989; Brown & Stephenson 
1991). At times of relatively high sea-stand various 
major inland rivers entered the Basin from the north¬ 
east. depositing shallow-water marine and marginal 
fluvial and lacustrine sediments (Fig. 2B). The present 
course of the River from Tailem Bend upstream was 
presaged prior to the later Pliocene by a valley that 
later became an estuary extending north as far as Mor¬ 
gan, on to Lilydale H.S. (homestead), and east to Over¬ 
land Comer. In it was deposited the Norwest Bend 
Formation. 1 typically represented by a massive bed of 
oyster shells (Ostrca sturtiana Tate, 1884), but includ¬ 
ing clays and cross-bedded sands (Fig. 2C). The estu¬ 
ary appears to have been narrow between Tailem Bend 
and Walker Flat, some 110 kms upstream, in which 
sector its limits are still discernible in the landscape. To 


North West Bend for the topographic feature, but Nor¬ 
west Bend for the stratigraphic Formation. 


the north, however, it formed a broad but shallow body 
of water, extending to the west as far as the Florieton 
fault-line depression in the vicinity of Ml Mary. Shal¬ 
low-water marine and estuarine sands (Loxton and 
Parilla sands, respectively) of equivalent age form a 
thin cover overlying and marginal to the Mannum 
Limestone. They form a Pliocene surface of low relief 
that extends into western Victoria (Wallace et al. 2005). 

In South Australia, the western Basin is domi¬ 
nated by a riverless karst plain, which dates from the 
later Pliocene, Surface streams and shallow subsur¬ 
face flows issuing from the Mt Lofty Ranges were 
graded to the Norwest Bend Formation estuary 
(Twidale & Bourne 1975; Twidale et al. 1978). Rem¬ 
nants of this Pliocene surface are preserved in the 
piedmont south of Palmer, where a ferruginous cara¬ 
pace is developed in the piedmont above Mannum 
Gorge (Twidale & Bourne 1975). The Pliocene sur¬ 
face is eroded mainly in Mannum Limestone and is 
the result of corrosion planation (Ford & Williams 
1992: 443) involving dissolution and stream corrasion 
down to the water table. That such planation is effec¬ 
tive is indicated in the southern sector of the Eucla 
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Basin where the Nullarbor Limestone, has been low¬ 
ered by as much as 60 m (Lowry 1970), despite its 
being crystalline rather than clastic. The many cave 
systems detected in the Mannum Limestone (eg. Mat¬ 
thews 1985: 5-18-5-19; G. Pilkington pers. comm. 
2006; cf. Trendall 1962) and the high carbonate con¬ 
tent of the river waters in the sector of the River 
under review carbonates of calcium and magnesium 
account for about one third of the load in solution 
(McKay et al. 1986; see also Livingstone 1963: 
table 57, p. G31) - suggest that the process continues. 

The elevation of the Pliocene surface relative to 
the eastern Mt Lofty Ranges reflects the effects of 
Late Pleistocene or post Pleistocene faulting, as dem¬ 
onstrated by the exposure of the Palmer-Milendclla 
Fault west of Cambrai (Bourman & Lindsay 1989) 
and the location of Miocene remnants high on the ad¬ 
jacent scarp (Mills 1965; Twidalc & Bourne 1975). 

Sediments deposited in the shallow Lake Bungun- 
nia (Firman 1965; Stephenson 1986), which dates 
from the Late Pliocene to Middle Pleistocene (2.5-0.7 
Ma), formed an extensive veneer over the northwestern 
part of the Basin in South Australia (Fig. 2B) and adja- 



Fig. 2. (C) Remnant of oyster beds of Norwest Bend 

Formation, near Walker Flat. 
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Fig. 3. (A) Murray Gorge near Walker Flat showing bluffs in massive flat-lying Miocene calcarenite. 


cent areas of northwestern Victoria (Lawrence & Gold- 
berry 1973; Bowler 1980; Bowler et al. 2006). Though 
the Lake was probably impounded by uplift of the 
Marmon Jabuk structure (eg. Twidale et al. 1978) it 
may also indicate a more humid and/or cooler climate 
(Stephenson 1986). According to An et al. (1986) arid¬ 
ity set in about 500.000 years ago. In the north, linear 
east-west trending desert dunes developed between 
about 360,000 and 25,000 years ago (Twidale et al. 
2007; Lomax cl al. 2007,2010). 

During later Cenozoic periods of low (glacial) 
sea level the bed of the River Murray was incised in 


response to the lower baselevels, while the limestone 
plains to either side remained essentially intact. Thus 
was formed the present shallow but colourful and 
spectacular gorge (Fig. 3A). Between Tailem Bend 
and Swan Reach remnants of the shallow Norwest 
Bend estuarine valley were left perched as the upper 
components of a valley-in-valley form (Fig. 3B). 

Alternations of cut-and-fill corresponding to 
glacial low sea levels and interglacial highs arc re¬ 
corded in the Late Pleistocene and Holocene valley- 
floor sediments (Sprigg 1952; Firman 1965; Rogers 
1995). At times of low sea level the river extended 


,cliff 


slip-off slope 


upper valley 


Pliocene surface 



Fig. 3. (B) Sketch of valley-in-valley form of Murray Gorge a few kilometres upstream from Mannum, with simple side- 

channel in foreground. 
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across the continental shelf east of Kangaroo Island, 
until the mix of riverine waters and transported sedi¬ 
ment tumbled over the edge of the continental slope 
and carved huge submarine canyons (Sprigg 1947; 
Von dcr Borch 1968; Stephenson & Brown 1989; 
Hilletal. 2005; Fig. 1A). 

STRAIGHT COURSE OF THE LOWER 

MURRAY, MORGAN - SWAN REACH 

Most workers are agreed that the overall straight sec¬ 
tors of the course of the Murray in South Australia, as 
well as some of its angular reaches, are structurally- 
controlled. Several possible reasons for these configu¬ 
rations have been suggested but whatever the reason 
for its initiation, a major river like the Murray would 
have been self-perpetuating and self-enhancing: the 
intrusion and operation of reinforcement mechanisms 
(Logan 1851; Behrmann 1919; King 1970; Twidale et 
al. 1974) would have ensured that once initiated the 
River and valley would persist. 

Warping 

Fenner (1931: 85) noted a 5° dip of the limestone 
exposed in the gorge walls at Morgan and suggested 
that it signified the presence of a warp, which he be¬ 
lieved ‘...marked the present course of the Murray 
between Morgan and Chucka Bend.' The origin of 
such dips is debatable. They could be tectonic and 
associated with warping, as Fenner assumed but 
equally they could be original dcpositional dips or 
due to camber (eg. Hollingworth et al. 1944), the lat¬ 
ter implying that topography preceded displacement, 
rather than the converse. 


Faulting 

O’Driscoll (1960: 126) referred to the ‘deflection 
point’ of the River at Morgan, implying that the west¬ 
erly-flowing Murray was there diverted to the south. 
He noted that the northwestern part of the Murray 
Basin is underlain by a system of step faults down¬ 
throwing to the east ‘which probably have been recur¬ 
rently active through the Cenozoic’ (O’Driscoll 1960: 
20). He cited in particular the Morgan Fault, the recent 
activity of which is indicated ‘by its influence on the 
direction of How of the River Murray, which indubita¬ 
bly owes its sudden change of course at Morgan, and 


subsequent almost straight-line flow as far south as 
Blanchetown ... to the presence of a fault.’ Unfortu¬ 
nately this reasoning is circular for O’Driscoll as¬ 
sumed the presence of a fault on the basis of the 
course and character of the River and its valley. 

O’Driscoll was but the first of several workers 
who have ascribed the change of course at North 
West Bend to fault deflection (eg. Firman 1972; Bar¬ 
nett 1989: 50; Stephenson & Brown 1989: 392; 
Brown & Stephenson 1991: 30) and the downstream 
straight course to fault control. Ludbrook (1961: 86) 
was of that mind and, moreover, claimed that the oys¬ 
ter beds of the Norwcst Bend Formation ‘on the 
western side of the river [stand] at a higher elevation 
than those on the east’ (Ludbrook 1980: 91 92). The 
statement is open to misinterpretation, depending on 
the scale Ludbrook had in mind, for whereas modern 
maps suggest that the Pliocene estuarine beds pre¬ 
served within the present gorge have not been dis¬ 
turbed, there is no doubt that the Morgan Fault has 
been active since the Pliocene for the oyster beds 
stand higher to the west of it than to the cast (Firman 
1971a; Barnett 1989). The Morgan Fault, however, 
lies west of the river course. Thus, the lack of spatial 
coincidence between the Murray and any known sur¬ 
face fault rules out any direct connection between 
the channel and a known structure. 

No fault zone has been identified in the promi¬ 
nent cliffs in and around Morgan. Extrapolation of 
the structure as shown on the 1:250,000 geological 
map (Firman 1971a; Rogers 1977) carries it to the vi¬ 
cinity of North West Bend and beyond, into the valley 
of the Burra Creek. This stream takes an abrupt 
change of course from SSE to south, about three kilo¬ 
metres north of its junction with the Murray, suggest¬ 
ing structural control. Also the Miocene Pata 
Limestone stands 5-7 m lower to the east of the 
Creek than it does to the west. But apart from the im¬ 
plied dislocation in the Burra Creek valley, no appro¬ 
priately positioned fault zone has been identified 
south of Morgan. Moreover, even if post-Miocene 
displacement of the Morgan Fault blocked and di¬ 
verted the River Murray, it clearly has not influenced 
its course to the south for though the fault scarp in¬ 
creases in amplitude to the south, it also diverges 
from the River so that the two are some 5 km apart in 
the latitude of Blanchetown. It may be argued that the 
exogenic Murray was diverted at Morgan and flowed 
along the base of a debris slope deposited against the 
base of the tectonic scarp (Fig. 4A): but no remnants 
of such features, if ever they existed, have been ob¬ 
served. Similarly, drag may have created a break of 
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c 



Fig. 4. Position of River Murray channel determined by 
(A) debris slope (B) drag slope, and (C) referral. 

slope adjacent to the scarp (Fig. 4B), but again such 
features have not been recognised in the field. 


Referral 

Referral is the transmission or imposition of the 
structural effect at a lower level and spatially offset 
from the original. Thus a fault-line river and valley 
may through reinforcement effects persist in the 
same location, while the plan position of the dipping 
fracture zone that determined its initial development 
migrates laterally as the land surface is lowered. As 
applied to the lower Murray, if the Morgan Fault had 
determined the position of the River anil was gently 
dipping and of reverse or thrust type, and if the land 
surface had been sufficiently lowered it can be de¬ 
duced that the spatial locations of the two would 
separate but that the river channel would persist in its 
initial location (Fig. 4C). However, geological sec¬ 
tions based on borelog information show that the 
Morgan Fault is steeply dipping (Barnett 1989). This 
precludes the mechanism as a possible explanation 
of the alignment and position of the River between 
Morgan and Swan Reach. 

Capture or piracy 

Williams and Goode (1978; see also Goode & Wil¬ 
liams 1980) proposed that during the Eocene and/or 
the Late Middle to Upper Miocene the ‘ancestral’ 
River Murray in South Australia debouched into 
Spencer Gulf, near the present mouth of the River 
Broughton. Implicit in this suggestion is the diver¬ 
sion of the inland Murray by an exogenic Murray 
which regressed northward from the then coast and 
effected the capture of the inland river at Morgan. In 
these terms the North West Bend would be an elbow 
of capture. 

Though the courses of the Broughton and its trib¬ 
utaries are largely controlled by structure, and the 
alignment of the inland Murray and of the Broughton 
is suggestive, the Mt Lofty-Flinders ranges originated 
in the Early Palaeozoic Dclamerian Orogeny and were 
again uplifted in latest Cretaceous or Early Eocene 
times (eg. Miles 1952; Campana 1958). Uplift also 
occurred in the later Cenozoic and continues (Glaess- 
ner & Wade 1958; Williams 1973; Bourman & Lind¬ 
say 1989; Love et al. 1995; Quigley et al. 2006). 
Contrary to some earlier reconstructions and recent 
revivals, although the Miocene seas occupied mar¬ 
ginal embayments on both its flanks, during the Terti¬ 
ary ‘The Mt Lofty Ranges were not covered by the 
sea.' (Glaessner & Wade 1958: 124): it was an upland 
barrier blocking the supposed course of the upper 
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Murray toward Spencer Gulf throughout the Cenozoic 
era. Moreover, the Broughton sediments are not con¬ 
sistent with a Murray Basin provenance (Harris et al. 
1980; Gostin & Jenkins 1980; Stephenson & Brown 
1989). The hypothesis suggested by Williams and 
Goode (1978) also begs the question of why having 
turned south, the River Murray follows a linear south¬ 
ern course for some 60-70 km. Later in the discus¬ 
sion, however, it will be suggested such piracy cannot 
be ruled out, though not as earlier conceived. 

Underprinting 

No suitable structure has been identified in the 
Cenozoic strata in which the River has incised its 
channel and valley, but the course of the River may 
have been determined by underprinting, that is, have 
been imposed from below by deep basement struc¬ 
tures acting on overlying strata. 

Wopfner (1960) attributed the open folds devel¬ 
oped in siIcreted Cretaceous strata in southwest 
Queensland and adjacent areas to basement shearing 
transmitted to and through the overlying strata. The 
spectacular 700 km-long straight course of the Dar¬ 
ling was attributed to basement joggling along major 
fault zones and the resultant development in the 
Quaternary alluvia, in which the Darling mainly 
flows, of shallow linear depressions and half-grabens 
(Hills 1961: 83). In the western Murray Basin, Fir¬ 
man (1974) attributed to underprinting the angular 
pattern of the River between Renmark and Morgan. 

Opinions as to the nature of the underprinting 
mechanism vary. As demonstrated the River is not 
coincident with a fault zone. It could, however, have 
exploited a weathered zone associated with a basic 
intrusion comparable to those plotted by Barnett 
(1989; Fig. I) and proven by drilling. But the sub¬ 
channel zone has not been drilled, so that the ques¬ 
tion remains open. On the other hand, geophysical 
evidence of meridional trends additional to the frac¬ 
tures implied by the linear basic intrusions has been 
noted at both local and regional scales (Hills 1953; 
O'Driscoll 1960: 20). 

Some have suggested direct transmission of 
stress from deep structures (Hills 1961; Saul 1978; 
O'Driscoll & Campbell 1997). Twidale and Bourne 
(2000), however, offered an alternative underprinting 
mechanism that is germane to the Murray Basin en¬ 
vironment. They attributed aligned and topographi¬ 
cally anomalous dolines developed in the Pleistocene 
dune calcarenite of western Eyre Peninsula to the 


concentration of groundwaters above basement frac¬ 
tures, followed by site-specific solution, collapse and 
subsidence (Twidale & Bourne 2000). Such an un¬ 
derprinting mechanism is appropriate in the context 
of a terrane dominated by calcareous strata (Fig. 5). 
A structure that would concentrate water, solution 
and erosion is required. 

The exploited zone may not be a fracture zone, 
however, but one of strain. That disturbs crystal lat¬ 
tices, so that minerals are rendered more susceptible 
to water entry and alteration (Russel I 1935; Turner & 
Verhoogen 1960: 476; Nabarro 1967: 4). This could 
create a zone that induces underprinting and could 
account for the present linear course of the Murray 
south of Morgan in terms of local evidence. 

Such a zone of strain would be difficult to detect 
geophysically but even a slight preferential permea¬ 
bility would be enough to produce solution at the 
base of the Mannum Limestone. Reinforcement 
would ensure that this slight weakness was enhanced 
to favour groundwater circulation and concentration 
in the zone above the basement zone of strain. 

Ironically, after considering his geological sec¬ 
tions Barnett (1989: 51) suggested that resurgent or 
recurrent movements on known faults ‘has transmitted 

A 



B 



Fig. 5. Underprinting (A) by joggling, and (B) by 
solution. 
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basement structures up through the Cainozoic sedi¬ 
ments to the ground surface’ and Brown and Stephen¬ 
son (1991: 308) also mentioned a possible link 
between major bends in the river course and concealed 
basement faults and ridges. However, as has been 
pointed out. ihesc authors set aside the idea and attrib¬ 
uted diversion of the Murray at Morgan to the Morgan 
Fault. 


MARMON JABUK. STRUCTURE 

The course of the Murray between Morgan and Swan 
Reach appears to be determined by a submeridional 
basement zone of en echelon or zig-zag shears of 
predominantly NW-SE and NE-SW orientations 
(O' Driscoll 1960: 19 & 21). These shears could be of 
conjugate type and be associated with the Morgan 
Fault to the west but incorporated in the strain zone 
that, it is suggested here, has been exploited by 
weathering and subsequently by the River. Between 
Swan Reach andTailem Bend the structure responsi¬ 
ble for the linearity of the Murray south of Morgan 
is, however, overridden by the Marmon Jabuk uplift.’ 
Only south of Tailem Bend is the Morgan-Swan 
Reach line resumed. 

The Marmon Jabuk uplift (Fenner 1930: 36; 
Twidale et al. 1978; Stephenson 1986) is represented 
by a scarp to the southeast, in the vicinity of Peake. It 
is construed as the uplifted northeastern edge of the 
Padthaway 1 lorst. The structure may be dated from 
the Early Palaeozoic Delamerian Orogeny (Preiss 
1987), but have been subsequently revived. It has af¬ 
fected the Early to Middle Miocene Mannum Lime¬ 
stone and arguably caused the westerly diversion of 
the Murray in the Mannum Loop prior to the Late 
Pliocene (eg. Ludbrook 1980). The northerly inclina¬ 
tion of beds at Chucka Bend and noted by Fenner 
(1931: 85) may be an expression of the Marmon 
Jabuk uplift in this area. 

An uplift and northeast-up-tilting of the SE-NW 
trending Marmon Jabuk structure could have locked 
the meridional ‘river’ strain zone, inducing the relief 
of stresses by movement on the Morgan Fault. Be- 


2 ‘Jabuk’ is an Afghan name possibly linked to an early 
cameleer attached to an early survey party. ‘Marmon’ 
may be a corruption of Madman’s (Gap) a local topo¬ 
graphic feature (Coekbum 1984). Fenner (1930) ap¬ 
pears to be the first to have linked the topographic form 
to the now widely recognised structure. It is part of the 
same structure referred to elsewhere as the Padthaway 
high and the Pinnaroo Block (e.g. Bowler et al. 2006). 


cause shearing produces both tension and compres¬ 
sion along different stress axes, some joints could 
have been opened but others sheared causing crum¬ 
bling of the adjacent country rock. Both conditions 
later could have been exploited by solution. The lin¬ 
ear lower Marne River and various other minor tribu¬ 
tary streams, and the elongate depressions or dolines 
ESE of Chucka Bend are also suggestive of struc¬ 
tural (fracture) control (Fig. 6). 

LATE PLIOCENE ESTUARY 

The valley of the Murray has been incised into the 
Pliocene surface, but the ancestral river is thought to 
predate the Late Pliocene (Ludbrook 1961: 85), 
though no outcrops of the Formation have been rec¬ 
ognised in the Mannum Loop. This does not neces¬ 
sarily imply than none exists in that sector. Outcrops 
occur above Fromms Landing, just downstream from 
Walker Flat (Fig. 2C), but possibly because they are 
too small are not shown on the 1:250,000 map of the 
area (Firman 1971a). There may be other remnants 
of limited areal extent, but in any event occurrences 
are scarce or absent in the Loop sector, yet there 
must have been a connecting channel in order for the 
estuary to have extended northward from the sea and 
north from Chucka Bend. 

The apparent absence of the Norwest Bend For¬ 
mation in the Mannum Loop could be due to the 
River having eroded an alternative course in the Late 
Pliocene. The present course of the River in the Man¬ 
num Loop could be a Quaternary development, with 
the earlier Murray flowing more directly between 
Bowhill and Tailem Bend. But if the River had 
flowed across the base of the Mannum Loop no obvi¬ 
ous evidence remains. The perviousness of the Man¬ 
num Limestone and consequent lack of surface 
drainage suggests that the high plain surface is rela¬ 
tively stable and enduring. Yet there is no sign of an 
abandoned valley comparable to Green Gully pre¬ 
served on the backslope of the Cadell Fault Block, 
New South Wales (cf. Harris 1939). There is no 
broad shallow depression similar to the shallow val¬ 
ley in which the Nonvest Bend Formation was de¬ 
posited and that can be construed as representing the 
former river course. No deposits of oyster beds have 
been found in crucial locations distant from the 
present valley. No submcridionally-oriented caves or 
dolines suggestive of a subterranean course have 
been located along the base of the spur (Matthews 
1985; G. Pilkington CEGSA, pers. comm. 2006): 
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Fig. 6 (above ami page 218). Map extract of (A) Mannum Loop, showing (B) the River Marne junction, and ( 
Chucka Bend and E-W trending closed depressions. The Mt Lofty Ranges stand to the west of the 150 m contour line in 
Some of the contours identified in A are shown as form lines in B and C. 
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shallow depressions caused by solution and collapse 
of the Mannum Limestone are developed in the area 
but they are elongated WNW-ESE and probably re¬ 
flect the exploitation of fractures. That there would 
have been subterranean solution had the River for¬ 
merly crossed the base of the Loop is suggested by 
the occurrence of many minor caves in the present 
valley sidewalls, mostly at or near water level (eg. 
Matthews 1985). Thus there is no morphological or 
sedimentological evidence to suggest that the 
Pliocene River Murray followed a course different 
from that it presently pursues. 

The yalley-in-valley form, with the deeper steep¬ 
sided gorge incised into the floor of a broader shallow 
upper estuarine valley, is well preserved in the Man¬ 
num Loop section. If the Loop predates the Late 
Pliocene and the Norwcst Bend Formation, and if the 
impounding of Lake Bungunnia was caused by re¬ 
newed (post Late Pliocene-Early Pleistocene) uplift 
of the Martnon Jabuk structure, then the profile (thal¬ 
weg) of the uppermost of the valley-in-valley forms 
ought to have been disrupted. In an undisturbed land¬ 
scape its level w'ould have declined gradually down¬ 
stream but if uplifted it ought to be equal or higher in 
elevation in the Loop section than it is upstream. Such 
a hump in the profile of the estuary is represented in 
the contemporary landscape only by a possible rise of 
some 10 in in the height of the break of slope between 
estuary and high plain and by the dip in the Mannum 
Limestone noted by Fenner (1931); but with other 
variables (such as the heightening of a bluff as result 
of scarp recession) in play, this evidence is not con¬ 
vincing. The most that can be said is that it is not in¬ 
compatible with the Marmon Jabuk structure having 
been active in post-Pliocene times. 

LAKE BUNGUNNIA 

Some 3.0 - 2.5 million years ago (Bowler et al. 2006) 
renewed uplift of the Pinnaroo Block, the northwestern 
sector of the Padthaway Horst, here referred to as the 
Marmon Jabuk structure, caused the obstruction of the 
drainage of the western Murray Basin including the 
estuarine River Murray. A shallow but extensive lake 
now known as Lake Bungunnia (Firman 1965; Fig. 
2B) was formed (alsoTwidale ct al. 1978; Stephenson 
1986; Stephenson & Brown 1989; Rogers 1995). At its 
greatest extent the Lake evidently overflowed to the 
south, via what is now the Wimmera River valley and 
the Douglas Depression, in southwestern Victoria 
(Bowler et al. 2006: eg. 182 & 203). At this stage the 


Lake must have inundated the shallow estuarine valley 
in which the Norwest Bend strata were deposited. But 
renewed uplift of the Marmon Jabuk structure caused 
this outlet to be blocked. Thereafter drainage to the sea 
was by way of an outlet at the southwestern margin of 
the water body, ‘against Mount Lofty Ranges, just 
south of Nildottie’(Bowler et al. 2006: 203), which in¬ 
dicates a general location only, given that Nildottie is 
on the River and not close to the Ranges. This occurred 
0.5-0.6 million years ago. Drainage was via a braided 
channel that coursed around the Mannum Loop, and 
carved its Gorge in response to a low (glacial age) sea 
level (Stephenson 1986: see also Tate 1884). As the 
River regressed northward through the Mannum Loop 
to the position of Walker Flat it breached the tectonic 
barrier that had impounded Lake Bungunnia. A flood 
of water would have been released. 

Such an overflow would account for the side- or 
cliff-channels (Fig. 7A) standing 7-15 m above 
present river level and formed upstream from Pom- 
poota as far north as Walker Flat (Thomson 1975; 
Twidale et al. 1978). At two sites, one on the right 
bank immediately upstream from Mannum (Fig. 3B), 
the other on the left bank opposite Lake Carlet and 
about 11 km downstream from Bowhill, the old val¬ 
ley side is scored by multiple interlaced channels 
(Fig. 7B & 7C). Cut in the Mannum Limestone, the 
channels are up to 10 m deep but are more com¬ 
monly in the range 4-8 m. Some arc simple channels 
that slope downstream, but others terminate abruptly, 
the water responsible for them presumably diverted 
into adjacent flows or sinking into the country rock. 
The channels arc most likely relics of a braided sec¬ 
tor of the River Murray (Thomson 1975). 

A braided pattern is a typical response to high 
stream discharge (cf. Leopold & Wolman 1957) and 
the increase in depth downstream of the perched side 
channels is compatible with a flood rampaging 
through that section of the River. Braided streams are 
a response to flood discharges and are most readily 
and commonly developed in alluvia or unconsolidated 
detritus. Bedrock developments arc, however, re¬ 
corded. The Spokane Flood, for example, produced 
braiding in basaltic rocks and on a vast scale in the 
Channeled Scabland, northwestern USA (Baker 
1973). In the case of Lake Bungunnia the flood 
breaching of the barrier near the present Mannum and 
that impounded Lake Bungunnia could have created a 
braided stream either in the unconsolidated Norwest 
Bend Formation and been imposed on the Mannum 
Formation limestone or it conceivably could have de¬ 
veloped directly in the relatively weak calcarenitc. 
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Fig. 7 (page 220 and above). (A) Distribution of side- or cliff-channels between Scrubby Flat and Pompoota (after 
Thomson 1975, fig. 2-49). (B) Vertical air photograph and explanatory diagram of side-channels and divides, left bank and 
downstream from Bowhill, opposite Lake Carlct. (C) Sketch of part of the complex. 
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Pliocene surface (1) 



Fig. 8. Diagrammatic cross-section of the Murray Gorge in the Mannum Loop sector showing erosional and deposi- 
tional chronology. 


The braided section lies downstream from the 
confluence of the Marne River with the Murray. The 
Marne rises in the eastern Mt Lofty Ranges where it 
drains an area of granite and gneiss with abundant 
quartz. The river delivers sand to the Murray, tints 
increasing the abrasive capacity of the flow. Erosion 
of the sandy facies of the Norwest Bend Formation 
would further have enhanced its erosional capability. 
It is suggested that a flood of water so armed, scoured 
the channel and adjacent areas, and washed away 
most of the lightly lithified Norwest Bend Formation 
in the Loop sector. 

Dissection of slip off slopes has also contributed, 
as has the rapid recent development of short streams 
tributary to the main river. They possibly originated as 
subsurface flows followed by sapping and roof col¬ 
lapse. This is suggested by their development across 
the chaotic topography found in the areas of multiple 
side channels near Mannum and Younghusband. The 
position of the cliff-channels shows that the lower 
Murray had already cut a deep channel when the over¬ 
flow began, for they stand well below the level of the 
estuarine channel, several metres above the present 
valley floor, and some tens of metres above the deep¬ 
est but now partly-filled valley (Fig. 8). 

Firman (1973: 39) reported remnants of old 
stream channels beneath Ripon Calcrete and located 
high in the walls of the Gorge from various sites be¬ 
tween Morgan and Murray Bridge. According to 
Brown and Stephenson (1991) the Ripon Calcrete is 
about half a million years old. If so, streams probably 
cut the then recently exposed bed of Lake Bungun- 
nia. Assuming that the dating of the calcrete is valid, 
the Gorge sector upstream from Tailem Bend is less 
than 500,000 years old. 


ORIGIN OF THE GORGE 

At times of low sea level (baselevcl; Fig. 9A) re¬ 
gional wttter table would have been lowered and 
drainage would have gone underground: a gorge 
could have developed, in part at least, as a result of 
solution and collapse of the roof of the caverns so 
formed in the pervious, permeable and soluble cal- 
earenite. There may have been a transitional period 
when the inland waters maintained the channel de¬ 
veloped in relation to higher baselevel, before tum¬ 
bling into a deeper channel which was partly 
exposed, and partly underground (Fig. 9B). Gradu¬ 
ally, however, the nick point migrated inland from 
the then coast and eventually broke through to the 
area near Overland Corner where the Miocene lime¬ 
stone outcrop gave way to alluvia. The gorge became 
the entity it now is, and the exoreic Murray captured 
the inland waters. 

The meandering River eroded undercut bluffs 
where it impinged on the sidewalls of the Gorge. 
Slip-off slopes developed on the opposite side of the 
valley, but as the meander belt migrated laterally and 
simultaneously moved downstream, the valley floor 
and the Gorge were widened. The present valley 
floor with its meandrine channel, flood plains and 
lagoons dates from some 4000 years ago (Firman 
1971 b). The flood plain includes lagoons and arcuate 
remnants of earlier channels (ox bows) as well as the 
present river channel. Most of the meanders are 
smoothly curved but some are angular. These may 
have developed by the River in flood, when the me¬ 
anders migrated rapidly downstream cutting across 
part of the next loop downstream. The highest Hood 
since European settlement occurred in 1956 when 
the River stood some 7 m above its usual level, but a 
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HIGH PLAIN 




Fig. 9. Gorge development (A) by river erosion in relation to high baselevel, and (B) by solution and collapse when 
basclevel low. 


slightly higher flood dating from some 3000 years 
ago is recorded in sediments exposed in an archaeo¬ 
logical excavation near Walker Flat (Lawton et al. 
1963; Mulvaney et al. 1964; Twidale 1964). 

CONCLUSIONS 

Previous explanations of the change in direction of 
the Murray from east-west to north-south in its gorge 
section have involved diversion by the Morgan Fault. 
This explanation is at odds with the field evidence. 
The change of course of the River is not coincident 
with the trace of the Morgan Fault, for the channel 
and valley lie up to 5 km to the east of the structure. 

Of the various possibilities that can be suggested 
in explanation of the diversion and linearity of the 
River Murray and its valley below Morgan, under¬ 
printing determined primarily by the exploitation of 
basement fractures seems the most likely. Joggling 
of the basement, and concentration of groundwater 
and resultant dissolution over basement fractures or 
other structural weaknesses, provide possible expla¬ 
nations for the linear stream sectors. Given the cal¬ 
careous nature of the country rock the latter is the 
most likely. Whatever the precise mechanism in any 
given sector of the river, underprinting provides a so¬ 
lution for the paradox presented by structural control 
that is not visible at the surface. 

This analysis appears to be based in the Holme- 
sian maxim that when one has excluded the impos¬ 


sible, whatever remains, however improbable, must 
be the truth (Doyle 1928 [1892]: 273). Rather is it a 
case of nothing being sure and thus everything pos¬ 
sible. But the underprinting hypothesis is more than 
last chance. It is compatible with the salient field 
data. It accounts for the development of an ancestral 
exogenic River Murray that, as implied by Williams 
and Goode (1978), captured the inland drainage en¬ 
tering the region from the east, causing this runoff to 
be diverted to the SSW and the ocean. Pleistocene 
rejuvenation and gorge development extended up¬ 
stream beyond North West Bend to the vicinity of 
Overland Corner, capturing the inland drainage. 

Underprinting accounts for the linear sectors of 
the River between Morgan and Swan Reach and 
from Tailem Bend southwards. The Nildottie and 
Bowhill easterly diversions referred to earlier can be 
explained in terms of underprinting from fractures 
revived and opened by recurrent uplift of the Mar- 
mon Jabuk structure, which diverted the River to 
form the Mannum Loop. Reactivation of the Mar- 
mon Jabuk structure accounts also for the formation 
of Lake Bungunnia, the draining of which is attrib¬ 
uted to incision and regression of the River at times 
of low sea level. These interpretations are consistent 
with the known relative ages of various landscape 
elements. 
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The western Victorian basalt plains native grasslands are recognised as one of the most endangered 
plant communities in Australia. Since European settlement, they have been cleared, grazed, and frag¬ 
mented and are now found as small scattered remnants. No general invertebrate surveys were undertaken 
in these grasslands until the 1990s, and this paper reports on the beetles associated with 12 native grass¬ 
land sites that were sampled seasonally between 1992 and 1993, A total of 114 beetle morphospccics from 
26 families were collected dominated by members of four families (Carabidae. Staphylinidae. Scarabaei- 
dae and Tenebrionidae). The beetle fauna comprised a small number of widespread species and over 63% 
of species were found at only one or two sites. In terms of relative abundances, a small number of beetle 
species dominated the fauna: the 10 most common species comprised nearly 64% of the total number of 
individuals collected. 


Key words: Victorian basalt plains native grasslands, beetles, Colcoptera. 


THE NATIVE GRASSLANDS of western Victoria’s 
basalt plains are the most threatened vegetation type 
in Victoria as a result of clearing and stock grazing 
after European settlement (Barlow & Ross 2001); it is 
estimated that there was over one million hectares of 
native grasslands prior to European settlement, and 
this has been reduced to less than 0.5% of the original 
grasslands through sowing of introduced pastures and 
application of fertilizers. The result is that the extant 
patches are isolated small remnant patches or strips 
(Stuwe 1986). As a consequence, these grasslands 
have been given the highest conservation significance 
levels both at the state and national levels (Craigic & 
Moorrees 2003; DEWHA 2008). 

These basalt plains grasslands were heavily com¬ 
promised before any invertebrate inventories were 
even considered. While the conservation plight of 
plant and vertebrate species is well known (Stuwe 
1986; Coulson 1990), the best known invertebrate 
studies associated with native grasslands involve the 
golden sun moth, Synemon plana (Gibson & New 
1997a), and the invertebrate diet of the striped leg¬ 
less lizard, Delma impar (Kutt et al. 1998). The lack 
of information about the invertebrates of these native 
grasslands has been partly addressed by a survey of 
46 known remnant grassland sites from 1992-1994 
(Yen et al. 1994, 1995). These sites were those iden¬ 


tified by Keith McDougall (pers. comm. 1992). 
Thirty-four of these sites were sampled only once 
(1992-1994), while 12 were sampled seasonally (au¬ 
tumn, winter, spring and summer 1992-1993). 

It could be argued that invertebrate inventories in 
heavily fragmented and disturbed remnant habitats 
could be classed as ‘salvage’ and of questionable sci¬ 
entific merit because it is assumed that the fauna has 
been severely depleted and that there is also a high 
proportion of invasive exotic species. I lowever, any 
information obtained is important for the future con¬ 
servation management of these extant remnant 
grasslands, and for future native grassland restora¬ 
tion (Gibson Roy et al. 2007a,b). The basic questions 
are (1) what species are found; (2) are they native 
species; (3) are they grassland dependent; and (4) do 
they occur in adjacent habitats? This paper provides 
answers to the first question for beetles by presenting 
information on their composition and seasonal oc¬ 
currences at 12 of the remnant grassland sites. 

SITES AND METHODS 

The 12 grassland sites sampled seasonally were (in 
1992) five roadside reserves (sites 10, 13, 23, 24 and 
28), three railway reserves (sites 44, 45 and 86), one 
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Fig. 1. Locations of sites given as site number, road AMG reference, size (ha), anti land tenure. Site 10 (Hamilton- 
Chatsworth Road XD121172, 15 ha, road reserve), 13 (South Gums Road XD166085,2 ha, road reserve), 23 (Shelford-Mt. 
Mercer Road YC565986, 31.5 ha, road reserve), 24 (Dundonnell-Woorndoo Road XD715024, 25 ha, road reserve), 28 
(Woorndoo roadsides, XD602042, 15 ha, road reserve), 35 (Chcpstowe, YD212358, 20 ha. private property), 44 (Elaine 
Rail Reserve, BU379169, 6 ha, railway reserve), 45 (Bannockburn Rail Reserve, BT5I4857, 1.5 ha. railway reserve). 73 
(Truganina, BU992I09, I ha, cemetery), 74 (Derrimut Grassland Reserve, CU061134, 153 ha, conservation reserve), 76 
(Craigieburn, CU201340,400 ha, private property) and 86 (Manor Rail Reserve, BT880994. 1 ha, railway reserve). 


cemetery (site 73). one conservation reserve (site 
74), anti two sites on private property (sites 35 and 
76) (Fig. 1). Site numbers are based on information 
supplied by McDougall (pers. comm. 1992). At tlte 
time of the survey, seven of the sites were burnt an¬ 
nually (sites 10, 13, 23, 24, 28, 44 and 45), one was 
burnt irregularly (site 86), two were grazed (sites 35 
and 76). and two were not burnt (sites 73 and 74). 

Each of the sites was sampled in May (autumn), 
August (winter) and November 1992 (spring) and 
February 1993 (summer). Four sampling techniques 
were used: pitfall trapping, sweeping, suction sam¬ 
pling and direct searching. Pitfall trapping involved 
10 plastic drink cups (7 cm diameter x 8 cm deep) 
placed one metre apart in a T formation with ethyl¬ 
ene glycol preservative and run for 5 days. Sweeping 
involved 50 sweeps through the grass along a 50 m 
transect using a standard entomological net (38 cm 


diameter). Suction sampling involved collecting 50 x 
10 cm diameter samples along a 25 m transect using 
a petrol driven suction sampler. Direct searching 
consisted of collecting visible invertebrates for one 
person-hour. The sweeping, suction sampling and di¬ 
rect searching were undertaken within 100 m of the 
pitfall trap transect. 

In terms of the efficiency of the different collect¬ 
ing techniques, direct searching collected 40% of the 
beetle species and 12% of individuals, pitfall trap¬ 
ping collected 49% of species and 23% of individu¬ 
als, vacuum sampling collected 38% of species and 
35% of individuals, while sweep netting yielded 
20% of species and 30% of individuals (the totals ex¬ 
ceed 100% because some beetle species were col¬ 
lected in more than one technique) (Yen et al. 1994). 
Results are presented combining the beetles from the 
four different collecting techniques because no one 
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technique within any particular season gives a good 
assessment of the beetle fauna, and combined results 
from all four techniques gives a better indication of 
the fauna (Kobelt, Yen & Hamilton, in prep.). 

Samples were sorted to the lowest taxonomic 
level possible (morphospecies) and the collection is 
stored at the Museum of Victoria. Beetle species 
were also allotted to one of four trophic groups based 
on their ecological functions at the family level from 
Lawrence and Britton (1994) and Moore (1980- 
1996): predators, herbivores, detritivores and fungi- 
vorcs. Although some species could be assigned to 
more than one trophic level, they were placed into 
the trophic level that best represented their function 
at the family level. 

Multivariate analysis of beetle species, using 
presence/absence data, was performed using Primer 
(Clarke & Warwick 1994); differences in the compo¬ 
sition of beetles at each of the 12 sites were exam¬ 
ined using the Bray-Curtis similarity coefficients 
after transforming abundances to log (x+1). The sim¬ 
ilarity coefficients were subjected to multi-dimen¬ 
sional scaling (MDS) to prepare a two-dimensional 
ordination of the sites. 


RESULTS 

Number of species and abundance 

The beetles collected at the 12 seasonally sampled 
sites are presented on the basis of combined collect¬ 
ing techniques for the sites and based on season (Ap¬ 
pendix 1). A total of 1873 adult beetle individuals 
were collected. This comprised 114 morphospecies 
from 26 families. The dominant families, in terms of 
number of species, were: Carabidae (24 species), 
Staphylinidae (18), Scarabaeidae (10), Tenebrioni- 
dac (9), Curculionidae (7), Elateridae and Pselaphi- 
dae (each 5), Chrysomelidae (4), then four families 
each with three species, five families each with two 
species, and nine families represented by only one 
species (Table 1). 

Beetle families with larger number of species did 
not necessarily dominate in terms of abundance. 
While the most spcciosc family (the Carabidae) did 
have most individual beetles (292), some of the fam¬ 
ilies with largest numbers of individuals had only a 
small number of species (Anthicidac. Lathridiidae, 
Phalacridae) (Table 1). 

In terms of numbers of individuals/species, the 
10 most common species comprised nearly 64% of 


the beetles (1198/1873 individuals). The dominant 
species were Phalacrus sp. I (Phalacaridae), 7o- 
moderus sp. I (Anthicidac), Corticaria sp. 1 (Lan- 
thridiidae), Curculionidae sp. 1, Agrypnus sp. 1 
(Elateridae), Notonamus gravis (Carabidae), Apho- 
dius sp. I (Scarabaeidae), Scirtes sp. 1 (Scirtidae), 
Hispellimis multispinosus (Chrysomelidae), and 
Nolonomus sp. 2 (Carabidae) (Appendix 1). 

Different beetle species were dominant during 
each season (Appendix 1). In autumn, the dominant 

Table I. Number of beetle species and individuals in 
each beetle family. Families grouped into presumed trophic 
levels. 


Trophic 

level 

Family 

No. of 
species 

No. of 
individuals 

Predators 

Carabidae 

24 

292 


Staphylinidae 

18 

103 


Pselaphidae 

5 

29 


Melyridae 

3 

15 


Cleridae 

2 

55 


Coccinellidae 

2 

3 


Scydmaenidae 

2 

5 


Dytiscidae 

1 

3 


Trogossitidae 

1 

2 


Total 

58 

507 

Herbivores 

Curculionidae 

8 

165 


Elateridae 

5 

97 


Chrysomelidae 

4 

98 


Buprestidae 

1 

1 


Cerambycidae 

1 

8 


Total 

24 

433 

Detritivores 

Tencbrionidae 

9 

44 


Scarabaeidae 

10 

128 


Anthicidac 

3 

260 


Leiodidae 

3 

7 


Scirtidae 

3 

72 


Corylophidac 

2 

17 


Nitidulidae 

1 

2 


Total 

31 

530 

Fungivores 

Lathrididae 

2 

181 


Discolomidac 

1 

4 


Eucnemidae 

1 

2 


Languriidac 

1 

14 


Phalacridae 

1 

266 


Total 

6 

467 
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Fig. 2. Number of species and individuals of beetles for each season, (a) Number of species, (b) Number of individuals. 


species were Tomoderus sp. 1 (101 individuals), 
Phalacrus sp. 1 (34), Curculionidae sp. 1 (27), and 
Scirtes sp. I (27); winter were Agrypnus sp. 1 (48), 
Tomoderus sp. 1 (39), Curculionidae sp. 1 (30), Not- 
onomus gravis (28), Nolonomus sp. 2 (21), and 
Scirtes sp. 1 (21); spring dominants were Curculioni¬ 
dae sp. 1 (67), Tomoderus sp. I (62), Corticaria sp. 1 
(46), Cleridae sp. 2 (39), Geoscaptus sp. 1 (23), 
Cryptocephalus sp. 1 (23), and Formicomus sp. 1 
(21); and summer dominants were Phalacrus sp. 1 
(218), Corticaria sp. 1 (132), Aphodius sp. 1 (57), 
Hispellinus multispinosus (49), and Nolonomus 
gravis ( 31). Tomoderus sp. 1 and Curculionidae sp. 1 
were among the dominant species in autumn, winter 
and spring, Plialacris sp. 1 occurred in large num¬ 
bers in summer and autumn, Corticaria sp. 1 was 
common in spring and summer, and Aphodius sp. I 
and Hispellinus multispinosus occurred in large 
numbers only in summer. 


Distribution across sites 

When the number of sites in which each was found is 
considered, only one species occurred at all sites 
(Agrypnus sp. 1). Curculionidae sp. 1 and Formi¬ 
comus sp. 1 were found at 11 sites, Tomoderus sp. 1 
at 10, Phalacrus sp. 1 at 9, and Aphodius sp. I at 8. 
Over 42% of the beetle species were found at only 
one site and a further 21% only found at two sites. 
The beetle fauna was represented by a small number 
of widespread species and over 63% of species were 
only found at one or two sites (Fig. 3). 

The multivariate analysis indicates that the 12 
sites can be divided into two main groups. Sites 10, 
13, 24, 28 and 76 form one group and sites 23, 35, 
44, 45, 73, 74 and 86 comprise the second group. 
Except for site 76 in the first group, the remaining 
sites separate geographically into western and east¬ 
ern blocks. Differences in composition may be geo¬ 
graphical (and may be related to rainfall) (Fig. 4). 


Seasonality 

The largest number of beetle species was found in 
spring (66 species) with similar numbers of species in 
autumn and winter (53 and 54 species respectively), 
and the lowest number in summer (36 species) (Fig. 2). 
A different pattern occurred when total numbers of in¬ 
dividuals were examined: largest numbers in summer, 
followed by spring, with much lower numbers in au¬ 
tumn and winter. The larger number of individuals in 
summer was mainly due to large numbers of two spe¬ 
cies: Phalacrus sp. I (218) and Corticaria sp. I (132). 


14 

12 - • 
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Fig. 3. Distribution of beetle species across sites. 
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Trophic structure 

The number of individuals in each of the main 
trophic groups is similar, however the number of 
species differed; the majority of species were preda¬ 
tors (58 species), followed by detritivores (26 spe¬ 
cies), phytophagous (24 species) and fungivores (6 
species) (Table I). Seasonal trends in abundances 
varied according to the trophic group and beetle 
family. Most species occurred in small numbers so 
that seasonal trends were not apparent (Appendix 1). 
However, the more abundant families of detritivores 
(Anthicidae, Scarabaeidac and Tenebrionidae) were 
found in larger numbers in autumn, winter and 
spring, and except for one species, were low in sum¬ 
mer. The exception was Aphodius sp. 1, which may 
be more appropriately classified as a root-feeding 
phytophagous species rather than a detritivore. The 
fungivores were dominated by large numbers of 
Lathridiidae and Phalacridae in summer. Predators 
occurred throughout the year, although Carabidae 
were in lower numbers during autumn while Sta- 
phylinidae were in low numbers in summer. Phy¬ 
tophagous species were found all year round. 


DISCUSSION 

This paper presents descriptive information on bee¬ 
tles collected seasonally in 12 remnant grasslands 
over 12 months. A total of 114 beetle morphospecies 
were found. Over 50% of the beetle species were 
from four families of beetles (Carabidae, Staphylini- 
dac, Scarabaeidac and Tenebrionidae), while at the 
species level, the 10 most common species com¬ 
prised nearly 64% of the total number of individuals 
collected. Seasonal trends in number of species and 
abundances differed: the highest number of beetle 
species was found in spring (66 species) with similar 
numbers of species in autumn and winter (53 and 54 
species respectively), and the lowest number in sum¬ 
mer (36 species), while with abundances, highest 
numbers in summer, followed by spring, with much 
lower numbers in autumn and winter. The higher 
number of individuals in summer was mainly due to 
large numbers of two species: Phalacrus sp. 1 and 
Corticaria sp. I (both fungivores). 

Gibson and New (2007b) presented results of a 
pitfall trapping study at Craigicburn (site 76 of this 
study). They collected 27 beetle species (371 indi- 
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viduals) (compared to 27 species, 111 individuals 
this study). Their results also found that the beetles 
were dominated by a few species (although the spe¬ 
cies in their survey and this one are different). These 
differences may be attributed to differences in trap¬ 
ping methodologies. They ran 60 pitfall traps of 25 
mm diameter over early and late summer, set up their 
traps over many more locations within the site, and 
did not sweep, vacuum or direct search. The pitfall 
traps in this survey were tightly grouped and may not 
have reflected the likely spatial heterogeneity of bee¬ 
tles found by Gibson and New (2007b). 

Information on the biology and distribution of 
most of the beetle species found is lacking. The ex¬ 
ception for beetles is phenological information about 
some predatory carabids (Horne 1992). Further re¬ 
search is required to determine the origin of the bee¬ 
tles collected in these remnant grassland sites: 
whether any of the beetles are exotic, and how many 
of the native species are grassland dependent. The 
native grasslands have been colonised by exotic spe¬ 
cies in other invertebrate groups. For example, 
among the molluscs, all species (3 snails and 5 slug 
species) were exotic (Holland et al. 2007). 

Reid and Hochuli (2007) showed that host plants 
and microhabitat structure arc important factors in 
determining the composition of invertebrates in 
grasslands. With regard to this study, detailed infor¬ 
mation on the structure of the 12 grassland sites was 
collected by McDougall (pers. comm.) but this infor¬ 
mation, at the scale required for invertebrates, has 
been lost. Management of the grasslands is an im¬ 
portant determinant of grassland composition and 
structure (Tscharntkc & Greilcr 1995), and most of 
the grassland sites were subjected to unplanned in¬ 
fluences such as fire, grazing and mowing, and in¬ 
formation on past management regimes are not 
known. 

The multivariate analysis of the beetles at the 12 
sites suggests that they can be divided into two 
groups: four sites at the western end of the grassland 
range plus the one site at the eastern end. and seven 
sites primarily at the eastern side of the grasslands. 
Leaving the most easterly site aside (site 76. Craigic- 
burn), it is possible that the division into the two 
groups may be related to the division of the Victorian 
native grasslands into different rainfalls: higher rain¬ 
fall in the west and lower to the east (McDougall et 
al. 1994). However, further research is required to 
determine why the beetle composition at site 76 is 
more similar to the sites further to the west rather 
than the closer sites. 


The information presented from this 1992-1993 
survey provides background information for more 
detailed work on the beetles in the future. This work 
will need to relate the composition and abundance of 
the fauna to host plants and microhabitat structure, 
management of the sites, and the nature of adjacent 
sites. However, the grassland sites are still subject to 
enormous pressures, and some of the sites used in 
the 1992-1993 survey have been alienated since. 
Williams (2007) compared the native grasslands in 
western Victoria from the 1980s to the 1990s with 
those in 2004. Approximately 880 ha of grasslands 
were recorded in the earlier surveys, and by 2004, 
approximately 225 ha had been destroyed. Most was 
lost on roadside reserves (169 ha) and private prop¬ 
erty (67 ha). However, due to incomplete surveys 
earlier, the area of private grasslands destroyed may 
be severely underestimated. 

Regular burning of road side reserves, aimed at 
reducing fuel loads to provide fire breaks, benefited 
native grasslands by controlling introduced grasses 
with high biomass production (e.g. Phalaris aquat- 
ica ) and favours lower, more open native grasses that 
remain greener later in the fire season (Williams 
2007). However, much of this burning has been re¬ 
placed by herbicide application (Williams 2007). 
This is another example of management decisions 
being made for these small remnant grassland 
patches when there is scant, if any, data on the effects 
of fire or herbicide application on grassland inverte¬ 
brates in the western Victorian grasslands. 

The survey results presented in this paper indi¬ 
cate a fairly rich fauna. Thc'fauna differs across the 
sites, but is generally dominated by a smaller number 
of more common species. The species composition 
and abundance changes seasonally. I lowever, more 
information is required on these beetles before we 
can prepare conservation management plans to pro¬ 
tect an important component of the invertebrate fau¬ 
nas of the remaining small patches of western basalt 
plains grasslands. 
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Family _ Species _ Site _ Season _ Total 

Tenebrionidae Pterohelaeus sp. 1 4 2 3 3 6 

Trogossitidae Ancymna sp. 1 1 111 2 

_91 155 111 101 264 144 137 98 435 70 111 156 358 354 554 607 1873 
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A POTENTIAL GONDWANAN POLAR JEHOL BIOTA LOOKALIKE IN 
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Rich, T.H., Li, X-B., & Vickers-Rich, P., 2009. A potential Gondwanan polar Jehol Biota lookalike in 
Victoria, Australia. Transactions of the Koval Society of Victoria 121(2): v-xiii. ISSN 0035-9211. 

The Early Cretaceous Jehol Biota from northeastern China has produced an abundance of well preserved 
birds, mammals and feathered dinosaurs, amongst other fossils. The similarities in the nature of the deposits 
producing these fossils to die lacustrine facies of the Str/clccki Group of southwest Gippsland. Victoria, Australia 
suggests that a prolonged, systematic search of those rocks in Australia could yield fossils of similar quality. 

Key wonts: Early Cretaceous, Jehol Biota, China. Australia, Gondwana. 


THE EARLY CRETACEOUS JEHOL BIOTA front 
western Liaoning Province, People’s Republic of 
China, in the past two decades has become the richest 
known source of feathered dinosaurs, birds, pterosaurs 
and mammal skeletons of the Mesozoic Era (Chang 
2003). Prior to the discovery of these letrapods, the 
same rocks that yielded them were long known to pri¬ 
marily produce the remains of fish, arthropods, and 
plants. The fossil-bearing rocks from which llicse fos¬ 
sils were recovered were, for the most part, clays laid 
down in the quiet waters of lakes [= lacustrine depos¬ 
its] preserved today as fine-grained shales character¬ 
ised by thin, alternating light and dark layers or varves, 
in some places in the order of 10 to 100 per centimetre. 
The laminar nature of the fossiliferous rock suggests 
that there were few, if any, organisms living in or on the 
bottom of the lake, disturbing the sediments in which 
the fossils occur: that is, there was no bioturbation, and 
presumably the water column was stratified for at least 
part of the year, rather Ilian mixed, the bottom water 
being anoxic, having little or no oxygen (Fiirsich et al. 
2007; Liuet al. 2002). 

At present, there is no known fossil locality in 
Australia, much less anywhere in Gondwana or from 
any site within either the Palaeoarctie or Palaeoantarc- 
tie circles (Rich et al. 2002), comparable to the Jehol 
Biota locales in the quality of its preservation of Mes¬ 
ozoic tetrapods. If even a few such fossils could be 
found in Australia, it would be a major advance in the 
understanding of tetrapod evolution here. 

In the Strzelecki Ranges of southeastern Victoria, 
Australia, near the hamlet of Koonwarra, a fossil site 
that yields Early Cretaceous fish, arthropods, and 
plants has long been known. The fossils there occur in 


shales of lacustrine origin. Based on the scientific lit¬ 
erature describing both the Jehol and Koonwarra oc¬ 
currences, it is clear they are similar in the kinds of 
fossils found and the laminated nature of the rocks in 
which they occur. Like Jehol, at Koonwarra there are 
few, if any, signs of bioturbation in the fossil-bearing 
shales, a feature indicative of anoxic conditions (Wald- 
man 1971). To date, the only tetrapod fossils that have 
been found at Koonwarra are half a dozen small feath¬ 
ers. Scanty though this evidence is, it is significant in 
two important ways. First, it demonstrates that birds or 
feathered dinosaurs were in proximity to this site. Sec¬ 
ond, it is indicative of a depositional environment at 
Koonwarra which has the potential to not only pre¬ 
serve fossil bones of tetrapods but also traces of their 
soft pails as well in a manner similar to that character¬ 
istic of the Jehol Biota locales. 

Such commonalities between the Chinese and 
Australian sediments suggest that tetrapod skeletons 
might be found at Koonwarra or elsewhere in the 
Strzelecki Ranges where similar lacustrine deposits 
occur. Because of this, T. H. Rich made a brief visit 
to two sites in the Jehol area to determine if the ap¬ 
parent similarities might, in fact, be useful in fram¬ 
ing an efficient search strategy for Early Cretaceous 
tetrapod fossil bearing sites in the Strzelecki Ranges. 

INVESTIGATION OF THE JEHOL BIOTA 

Dr. Wang Yuanqing of the Institute of Vertebrate 
Paleontology and Paleoanthropology, Beijing [IVPP] 
organised for a vehicle from the Institute plus a 
driver, Mr. Shou Huaquan, and student guide, Mr Liu 



VI 


THOMAS H. RICH, LI XIAO-BO& PATRICIA VICKERS-RICH 



Fig. I. Visitor facility of the Sihetun Landscape Fossil Hint National Geopark of Chuoyang City , Liaoning Province, 
People's Republic of China. The area of400 metres 2 where the thirty-one fossil tetrapods are exposed is under the part of the 
building with the arched roof to the left of the main entrance. The area to the right has two floors of exhibits. 


Qingguo, to take Rich to two sites where the Jehol 
Biota occurs on 13 and 14 June 2009. In that brief 
time, they were able to visit two localities, the Fossil 
Bird National Geopark, which is located in a suburb 
of Chaoyang, Liaoning Province and the Sihetun 
Landscape Fossil Bird National Geopark of 
Chaoyang City. 30 km east of that city. 

In the two decades that have passed since the ini¬ 
tial discoveries of tetrapods in the Jehol Group, more 
than 4,000 such fossils are said to have been recov¬ 
ered from it. IVPP in Beijing possesses a significant 
collection of these fossils. 

During the course of Rich’s visit in June 2009, 
conversations about those fossils were held with stalf 
of the IVPP and Mr. Li He Ming, who participated in 
the excavations at the Sihetun Landscape Fossil Bird 
National Geopark of Chaoyang City. Based on that 
information, courses of action were identified that 
could well lead to the recovery of tetrapod fossils 
from the Koonwarra locality itself or from similar 
rocks elsewhere in the Strzelecki Ranges where sedi¬ 
ments comparable to those in the Jehol Group occur. 

The most informative of the two sites was the Si¬ 
hetun Landscape Fossil Bird National Geopark of 


Chaoyang City (Figs 1-4). There, under cover in a 
quite substantial building, are exposed thirty-one fos¬ 
sil tetrapods found over an area of 400 metres 2 . The 
fossils were seemingly distributed at random. There 
were twenty-six plastic boxes enclosing the fossils. 
Most often there was one fossil fish, bird or dinosaur 
in each box, but three of these boxes each had two 
specimens and there was another box containing three 
specimens. It is fortunate that the purpose of this ex¬ 
hibit was to show the tetrapod fossils in place so none 
have been removed, and thus the distribution of the 
fossils and their abundance is accurately known. 

All thirty-one of the tetrapod fossils on display in 
situ at the Sihetun visitor facility are complete or vir¬ 
tually complete skeletons. There are no isolated 
bones. Numerous fish, plants and arthropod fossils 
were found as well as the tetrapods which together 
with the fossiliferous rock being a fine-grained fis¬ 
sile shale arc all aspects reminiscent of the Koon¬ 
warra locality. 

The thirty-one in situ tetrapods on display at the 
Sihetun visitor facility occur within a dark shale 
rather than in one of the numerous tuffs so common 
in the area. 
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Fig. 2. Looking east at the gallery at the Sihetun visitor facility showing the twenty-six illuminated plastic boxes each 
containing one or more fossil letrapod skeletons. Each skeleton is still in place where it was uncovered. No fossil tetrapods 
have been removed from this area. The width of this space is 10 metres and the depth from the point where the image was 
made, about 35 metres. 


In 1998 and 1999, 1VPP carried out excavations 
about 100 metres south of the Sihetun visitor facility. 
Wang ct al. (2000) indicated that the vertebrates col¬ 
lected during the course of these excavations oc¬ 
curred primarily through a thickness of 2 metres of 
grey or greyish black shale. 

Jiang and Sha (2007, Figs 5-6) carried out a 
study of the depositional environments in the Sihe¬ 
tun area. One rock unit in their section where, “... 
abundant non-marine...vertebrates...” occur, is, 
“3.2.8. Laminated mudstones (M2)," (see Fig. 6). 
Their only other mention of non-marine vertebrates 
is in the unit “3.2.11 Channel-fill, cross-stratified 
pebbly sandstones (S3) ” where turtle fragments 


occur locally. No fossil vertebrates were indicated in 
any of the other ten lithologies identified in their 
three sections close to the Sihetun visitor facility or 
mentioned in their descriptions of them including the 
tuffs. 

Jiang and Sha (2007) stated, “During volcanic 
eruptions, animals and plants living in or around the 
lake were killed, transported into the lake, and were 
rapidly buried by abundant volcaniclastic sedi¬ 
ments." Rapid burial related to volcanic events, how¬ 
ever, seems to be contrary to their characterisation of 
their unit M2 in which the majority of the fossil 
tetrapods occur in, “...greyish-green and dark grey, 
planar-laminated volcanic siltstones, silty claystones 
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Fig. 3. Skeleton of the small dinosaur Psittacosaunis Osborn, 1923 to show how each specimen at the Sihetun visitor 
facility is encased. 


and claystones (shales), intercalated with gypsum 
and calcareous claystones, sometimes with convo¬ 
luted bedding.... The laminae are 0.1-1 mm thick 
and normally graded.” 

Fiirsich et al. (2007) carried out a detailed tapho- 
nomic analysis of a section in a test pit located less 
than 2 km east of the Sihetun visitor facility. The test 
pit was 3.5 metres deep, about 9 metres 2 at the top 
and 5.5 metres 2 at the bottom. The focus of the study 
was a faunal assemblage dominated by two species, 
an insect nymph and a conchostrean. They occurred 
most abundantly in the mudstone component of the 
S/M facies of Jiang and Sha (2007). The conclusion 
of Fiirsich et al. (2007) was that the mass mortality 
events was owing to anoxia that took place in a lake 
at the end of summer rather than invoking any aspect 
of volcanism. Anoxia was hypothesized by Waldman 
(1971) to explain the mass death of fish at Koon- 
warra. The only difference being that he envisioned 
these mass mortality events having taken place there 
owing to a winter-kill mechanism where a sheet of 


ice prevented the passage of oxygen from the atmos¬ 
phere into the water of the lake. 

In light of the evidence that anoxia may have 
played the same role to explain the accumulation of 
the arthropods and fish, it seems reasonable to use 
the rock unit at the Sihetun visitor facility, where the 
thirty-one lelrapods are preserved, as a guide to de¬ 
veloping a strategy for attempting lo recover fossil 
tetrapods from the lacustrine deposits of the 
Strzelecki Group. This is because the two are so sim¬ 
ilar both in the nature of the rocks in which the fos¬ 
sils occur and in the types of fossils represented. 

If the frequency of tetrapod fossils preserved 
within the lacustrine facies of the Strzelecki Group is 
similar to that of the Chinese rock unit where the 
thirty-one tetrapods occur (on display at the Sihetun 
visitor facility), the question arises, “what is the 
probability of finding one or more tetrapod fossils if 
a given area is excavated of the lacustrine rock in the 
Strzelecki Group?” Table 1 suggests an answer to 
that question. 
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ConfuciUsornis (*)■ Psittacosaurus Oi Lycoptera 


Fig. 4. Map of the Sihetun fossil site. West is at the top, 
north is to the right. Each polygon represents one case con¬ 
taining one to three in situ fossils on the floor of the Sihetun 
visitor facility. In addition to the large specimens in cases, 
the fossil remains of many small fish, arthropods and plants 
are visible on the exposed rock surface. Not to scale as the 
vertical dimension represents 40 metres and the horizontal 
dimension, 10 metres. 

The figures in Table 1 are generated by the simple 
equation P = 1 - e" n P. Where P is the probability of 
one or more successes after n trials each with a proba¬ 
bility of success of p for each independent trial. In this 

Table I. The probability of finding one or more tctrapod 
specimens per square metre excavated at the Sihetun visitor 
facility. 


Square metres excavated in 
the Sihetun visitor facility 

Likelihood of finding 
one or more tetrapod 
specimens 

10 

54% 

20 

79% 

30 

90% 

40 

98% 

50 

99% 


instance, P is the likelihood of finding one or more 
specimens, n is the number of square metres excavated 
at the Sihetun visitor facility [400 metres 2 ], and p in 
this instance is the number of specimens found at the 
Sihetun visitor facility divided by the area of the Sihe¬ 
tun visitor facility [31 specimens/400 metres 2 ]. 

The question that comes to mind is how much area 
of fossiliferous rock has been previously excavated at 
Koonwarra? T. H. Rich participated in the second 
major excavation at Koonwarra in 1982. Based on that 
excavation and the description of the work carried out 
therein 1965-6 in Waldman (1971), much less than 10 
metres 2 have been excavated at Koonwarra. Assuming 
the circumstances of deposition at the Sihetun visitor 
facility and Koonwarra are comparable, the chances of 
having discovered a tctrapod skeleton to date in the 
small area excavated at the latter would seem to be not 
even 50%. Rather, what is remarkable is that any trace 
at all of tetrapods was found in the small area uncov¬ 
ered to date at Koonwarra, namely the half dozen feath¬ 
ers. Their discovery bodes well for recovering more 
complete tctrapod specimens if a much larger area is 
excavated in the lacustrine facies of the Strzelecki 
Group, using the Sihetun visitor facility as a guide. 

THE WAY AHEAD IN THE 
STRZELECKI GROUP 

Based on the information available concerning the oc¬ 
currence of thirty-one tetrapods on display at the Sihe¬ 
tun visitor facility, it would scent that the lacustrine 
deposits of the Strzelecki Group may have been depos¬ 
ited in a similar manner. This is indicated both by the 
similarity of the most common fossils in the two (fish, 
arthropods, and plants) coupled with the similarity of 
the lithologies in which these fossils occur. In light of 
those considerations, the reason why no tetrapods have 
yet to be recovered from the lacustrine deposits of the 
Strzelecki Group would scent to be disarmingly 
straight forward: not enough rock has been excavated. 

Generally when fossil tetrapods are excavated, 
there is an expectation that numerous isolated bones 
and teeth are found for every partial or complete 
skeleton. In sharp contrast, the tctrapod fossils un¬ 
covered at the Sihetun visitor facility are all com¬ 
plete or nearly so. Thus, while in the process of 
excavating in the lacustrine facies of the Strzelecki 
Group, a lack of isolated tetrapod bones and teeth 
during an exploratory excavation should not be inter¬ 
preted as indicative that rarer partial or complete 
skeletons are unlikely to be found. 
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Fig. 5. Figure I of Jiang and Sha (2007) (with permission). “Distribution of the upper Mesozoic formations in western 
Liaoning (A) and the location of the study area (B).” 
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Fig. 6. Figure 2 of Jiang and Sha (2007) (with permission). “Stratigraphic correlation and distribution of lithofacies of 
the Yixian Formation.” Facies abbreviations: G1 Matrix-supported conglomerates: G2 Unstratified, clast-supported con¬ 
glomerates: G3 Stratified, clast-supported conglomerates; G4 Stratified sandy conglomerates and pebbly sandstones; LI 
Lapillistones and lapilli-tufFs; SI Cross-stratified sandstones; Ml Horizontally stratified homogeneous mudstones; M2 
Laminated mudstones; S2 Horizontally stratified, homogeneous sandstones and tuffs; S/M Normally graded sandstones and 
mudstones; S3 Channel-fill, cross-stratified pebbly sandstones; and S4 Normally graded pebbly sandstones. 
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To excavate sufficient lacustrine rock in the 
Strzelecki Group in order to test whether or not tetra- 
pods do occur there in the frequency that they do at 
the Sihetun visitor facility requires that 50 metres 2 
be exposed to have a 99% chance of finding one or 
more tetrapods. This can be done in one of two ways. 
First, such an excavation can be done at Koonwarra 
itself. Second, such an excavation can be carried out 
elsewhere. 

To uncover 50 metres 2 at Koonwarra would entail 
excavating an area underground comparable to the 
Slippery Rock site at Dinosaur Cove (Rich & Vickers- 
Rich 2000). Logistically, this would be in some ways 
easier and in some ways more difficult than cutting 
the tunnels at the latter site. The great difficulty in ex¬ 
cavating underground extensively at Koonwarra is 
that the fossiliferous unit dips downward at about 37° 
while the hill above it is about as steep in the other di¬ 
rection. Because the surface of that hill is unstable, 
having been logged late in the 19* century, an adit is 
thought to be the safest way to excavate at Koonwarra. 
An open-cut there would mean that the footwall would 
be more than 1 metre higher for every 1 metre further 
inward that such an excavation was extended. Unex¬ 
pected collapse of the soil surface on the hill above 
could result in serious injury to those working the site. 
This, in addition to making an unsightly scar in the 
landscape that an adit would not, are reasons favour¬ 
ing working this site underground. 

Finding another Koonwarra-like lacustrine oc¬ 
currence elsewhere in the Strzelecki Ranges in more 
favourable circumstances from the point of view of 
excavation logistics is a second approach. Lacustrine 
deposits similar to those at Koonwarra do occur else¬ 
where in the Strzelecki Ranges. Fragments of fossil 
fish have been found in a road cut a few kilometres 
from Koonwarra. Because the Strzelecki Ranges are 
heavily vegetated, locating of other lacustrine depos¬ 
its will not be easy, but artifical excavations may 
help overcome this difficulty. 

CONCLUSIONS 

The most difficult fossil to find is the first one. The 
discovery in lacustrine deposits of the Strzelecki 
Group of a single tetrapod specimen similar in pres¬ 
ervation to those on display at the Sihetun visitor fa¬ 
cility would fundamentally transform the study of 
Mesozoic terrestrial vertebrates in Australia. The 
outcome could well be analogous to the flow on ef¬ 
fect of the discovery of a single jaw of a Cretaceous 


mammal at a site not 20 km away from Koonwarra in 
1997, which subsequently led to the collection of 
more than 85% of all Mesozoic mammal specimens 
now known from this continent. From that modest 
beginning, a number of quite unexpected insights as 
to the history of that group in Australia during that 
era have been forthcoming. 

Operationally, when carrying out exploratory ex¬ 
cavations in the lacustrine facies of the Strzelecki 
Group, there are two particularly important aspects of 
the occurrence of tetrapods at the Chinese site to be 
borne in mind. First, an area of 50 metres 2 must be 
uncovered in order to have a good chance of finding 
one or more fossil tetrapod skeletons if they occur at 
the frequency they do at the Sihetun locality. Second, 
in the process of carrying out such an excavation, just 
because no isolated tetrapod bones and teeth are 
found midway through an excavation, is no reason to 
abandon the effort before at least 50 metres 2 arc un¬ 
covered. This is because it is most likely that com¬ 
plete or nearly complete skeletons will be uncovered 
if any tetrapod fossil material is found at all. 
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PRESIDENT’S REPORT 

This has been a very busy 12 months for Council and 
the Society and I wish to thank the Officers of The 
Royal Society of Victoria, the Council, the very ac¬ 
tive committees and of course the staff who have at¬ 
tempted to keep the organization functioning through 
the times of change. 

The most significant events during the past 12 
months have been 

1) The appointment of the Audit Committee and a 
Review' Accountant 

2) The diligent work of the Finance Investment 
Committee in following up the identified prob¬ 
lems and putting in place appropriate business 
and financial procedures 

3) The resignation of Camilla van Megen, the 
Executive Officer for nearly two decades 

4) The appointment of a new Executive Officer and 
a Project Officer 


5) The commencement of the external building 
refurbishment 

6) Participation in the “Cruden Farm” fund-raising 
activity 

7) Council decision to dissociate from The Royal 
Societies of Australia due to our unhappiness 
with its structure and processes 

8) The commitment to the South Magnetic Pole fly¬ 
over and the Young Science Ambassadors Program, 
thanks to the hard work of the team in particular 
the financial underwriting by Lt. Col. Richard 
Lightfoot and his company. 

1. Audit 

The appointment of the Audit Committee and an ex¬ 
ternal “Review Accountant” was strongly supported 
by a large majority of Councillors. An extensive in¬ 
vestigation by the Review Accountant and the Audit 
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Committee for the period I s1 January 2005 - 31 s ' De¬ 
cember 2007, established serious problems and the 
need to establish appropriate and robust Financial 
Procedures. The independent review revealed a 
number of serious problems including:- 

a. A consistent failure to properly maintain the 
Asset Register since 1998. 

b. The failure to keep track of the realisation of as¬ 
sets from the sale of shares in the Ralton Group 
Discretionary Share Portfolio. 

c. On-going failure to comply with the mainte¬ 
nance of records to adequately support taxation 
paid in GST and FBT. It appears that there has 
been over-claiming of GST and an understate¬ 
ment of the FBT liability. The Committee found 
that the FBT expenses were excessive and totally 
out of proportion to the size of the Society and 
its resources. 

d. Consistently failing to obtain detailed purchase 
orders and at least two quotations for building 
works and maintenance. 

e. Failure to retain adequate documentation to sup¬ 
port the reimbursement of the Executive Officer 
and one of the Councillors or to demonstrate that 
their personal expenditure was necessary for 
Society business. 

f. Failure to retain adequate documentation on ex¬ 
penditure on special projects so that the true cost to 
the Society of these projects could be determined. 
In summary, the Audit Committee found that the 

finances of the RSV have not been handled in an ap¬ 
propriate or professional manner and that an ongoing 
lack of transparency of the financial reporting had pre¬ 
vented the Council from identifying these problems. 

2. Finance Investment Committee and New 
Operating Procedures 

As a result of the Audit Committee findings the Fi¬ 
nance and Investment Committee (FIC) was estab¬ 
lished by Council early in 2008 to institute significant 
changes in the way the Society manages and reports 
on its financial activities. The FIC further examined 
the details of the Society's income and expenditure 
in the period 2005 2007, with a view to implement¬ 
ing procedures to overcome the problems identified 
by the Review Accountant. 

Since it was established by the Council, the FIC 
has also provided routine scrutiny and oversight of 
the Society's financial records to meet legal require¬ 
ments under the Incorporations Act. The FIC was 


greatly assisted in its work by the Administration Of¬ 
ficer - Finance, Mr. Alex Tsakmakis, and the interim 
Acting Executive Officer, Dr. Robb Stanley. 

The problems identified fell into a number of 
areas, and these were the main focus of the FIC’s in¬ 
vestigations and recommendations including the: 

a. Maintenance of adequate records to adequately 
support taxation paid in GST and FBT. 

b. Procedures for reimbursements to staff and 
Councillors only on appropriate documentation. 

c. Appropriate procedures for the financial man¬ 
agement of building and maintenance work. 

d. Management of special projects and donations. 

e. Tracking and management of the Society’s 
investments. 

f. Maintenance of the Asset Register. 

Despite efforts of the FIC and the Society’s law¬ 
yers. the Council request for adequate explanation 
and documentation for personal expenditure reim¬ 
bursed by the Society to one Councillor has not been 
forthcoming. His refusal to co-operate with the Soci¬ 
ety and the Council is very regrettable. 

We are greatly indebted to the large majority of 
Councillors and members who supported the reform 
process, as well as the current staff, previous Admin¬ 
istration Officer - Finances and the Council ap¬ 
pointed Review Accountant. 

As President on behalf of the Council 1 thank the 
Chair of the Committee, Professor Lynne Sclwood 
and the two retiring Councillors, Professor John 
Lovering and Dr. Bill Birch, who as committee 
members have contributed so much time, thought 
and effort to this reform process. 

i. Resignation of the Executive Officer 

After nearly two decades of service to The Royal So¬ 
ciety of Victoria the Council accepted the resignation 
of Ms Camilla van Mcgen as from the middle of 
September 2008.1 wish to acknowledge her commit¬ 
ment and efforts to the Society over these many 
years. We invited her to attend the Annual General 
Meeting so that we might acknowledge this contri¬ 
bution but she replied that she was unable to attend. 

4. Appointment of a new Executive Officer and a 
Project Officer 

After advertising the position and interviewing ap¬ 
plicants a new Executive Officer was appointed and 
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commenced part-time employment (4 days a week) 
with the Society on I s 'January 2009. I welcome Dr. 
Robb Stanley and look forward to continuing to 
work with him in building the Society financially 
and administratively. 

We were also very fortunate in this year to re¬ 
ceive a donation from the Yulgibar Foundation that 
permitted the appointment part-time of Mr. David 
Dodd as Project Officer for The Royal Society of 
Victoria and its Foundation. The particular focus of 
his efforts over the 12 months will be the South Mag¬ 
netic Pole Commemorative Fly-over (January 2009). 
the von Neumayer Symposium (May 2009) and 
commemoration of the Burke and Will’s Expedition. 

5. Building Refurbishment 

After long delays we have finally commenced the ex¬ 
ternal building refurbishment. The building is 150 years 
old this year. The work will include stripping the build¬ 
ing of its peeling paint, repairing render and cracking, 
re-painting, re-establishing the La Trobe Street steps 
and restoring the main entrance to La Trobe Street, up¬ 
grading the air-conditioning of the building. We have 
also completed the long overdue maintenance on the 
cottage, replacing flooring, heating, kitchen appliances 
and hot water service to bring the building up to the re¬ 
quired standard for occupancy. 

6. Cniden Farm 

The Royal Society of Victoria along with the Sover¬ 
eign Order of Saint John of Jerusalem and the Men¬ 
tal Health Foundation participated in the picnic at 
Dame Elisabeth Murdoch s Crudcn Farm. This raised 
significant funds, a share of which came to the Soci¬ 
ety. We thank Dame Elisabeth for making her prop¬ 
erty available and supporting the event and note with 
pleasure her recent 100 th Birthday. 


8. The South Magnetic Pole fly-over and the Young 

Science Ambassadors Program 

1 wish to thank and acknowledge particularly Rich¬ 
ard Lightfoot and David Dodd (Project Officer) for 
their commitment to organising the South Magnetic 
Pole fly-over and the Young Science Ambassadors 
Program. It was a highly successful event for The 
Royal Society of Victoria. It was a truly a team ef¬ 
fort. Thanks to the hard work of Roger Morgan, 
Wendy Coates, Faye Clarke, Claire Baxter, Alex 
Tsakmakis, Janet Jackson. James McArthur and 
Robb Stanley. We also acknowledge again the finan¬ 
cial underwriting by Richard Lightfoot and his com¬ 
pany without which we could not have proceeded. 

I thank all members and Councillors for your 
support and efforts in 200S and we look forward to 
an exciting and progressive 2009. 

Graham D Burrows AO KCSJ 
Professor 

2008 ANNUAL GENERAL MEETING 

The 154 th Annual General Meeting was convened 8 th 
March, 2008, prior to the Ordinary Meeting. 

The Officers and Councillors elected at the Ordi¬ 
nary Meeting held on 13 th December, 2007 were in¬ 
ducted for 2008. 

The Annual Report and Financial Statements for 
2007 were received and adopted. 

Mrs. Marianne Kovassy, M.Acc, CPA, was re¬ 
appointed Honorary Auditor. 

FUNDRAISING 

The Society acknowledges the following Mem¬ 
bers for their singular generosity (post-nominals 
omitted): (See list on facing page) 


7. Withdrawal from The Royal Societies of Australia 

The Royal Society of Victoria Council withdrew 
from any and all involvement in The Royal Societies 
of Australia (RSA) as it is presently constituted. As 
such The Royal Society of Victoria also withdrew all 
representation on The Royal Societies of Australia 
and advised both The Royal Societies of Australia 
and the other state Royal Societies of this decision. 
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Mr. Darold E. Klindworth 

Mr. Paul S. Kouris 

Dr. Maxwell G. Lay 

Mrs. Helen Lee 

Mr. T. Frank Lee 

Lew Foundation 

Mrs. Elizabeth R. Lightfoot 

Dr. Murray J. Littlejohn 

Dr. Bruce Livett 

Ms. Catherine Maddison 

Mr. Robb Maddison 


Mr. Brian S. Malone 
Dr. Richard Manasseh 
Mr. T.M. Marshall 
Mr. James McConville 
Mr. G. T. McCrorie 
Mrs. Susan M. McLean 
Miss Nancy H. McNeill 
Mr. Wallace W. Mobilia 
Dr. Thomas Mole 
Ms Colleen Morris 
Dr. Trevor C. Morton 
Mr. John W. Nairn 
Mr. DukeW. M. Paine 
Mr. Frank Papa 
Sir Arvi H. Parbo 
Mr. A. George 
Dr. Ian J. Polmear 
Lady Primrose C. Potter 
Estate of 11. R. C. Pratt 
Very Rev. Dr. Michael 
Protopopov 
Mr. Andrew Ray 
Dr. F. James Reid 
Mr. Harold C. Richards 
Mr. Martin A. Riley 
Mr. James N. Rowan 
Mr. Trevor E. Rowe 
Mr. Lindsay 1. Royston 
Mr. R. B. Sandie 


Mr. Graeme C. Schofield 
Mr. R. G. Seecamp 
Mr. R. G. Semmens 
Mr Timothy J. Sharp 
Mr, Allan J. Smith 
Mr. John W. Spencer 
Mr. William Bondfield 

Stephens 

Mr. Fritz A. J. Suendermann 
Ms. Catherine Sullivan 
Ms. Kristine J. Tan 
The Yulgibar Foundation 
Mr. William J. Thompson 
Dr. Peter G. Thorne 
Mr. Michael Thorne 
Dr. Richard Thwaites 
Mrs. Lyn Treadwell 
Mr. Alfons H. M. 

Vandenberg 

Vera Moore Foundation 
Dr. Ben M. Watlham 
Em. Prof. James W. Warren 
Mr. Eric K .Webb 
Mr Norm J. West 
Mrs. Voi M. Williams 
Mr. A. M. N. Winkelman 
Mr. Ian R. Young 
Dr. John W. Zillman 


THE ROYAL SOCIETY OF VICTORIA 
FOUNDATION 

ASSISTING THE PROMOTION AND 
ADVANCEMENT OF SCIENCE AND 
TECHNOLOGY LIMITED 
ACN 112 376 511 

Seven board meetings were conducted during 2008. 
The Board comprised: 

Sir Laurence Muir VRD, Acting Chairman 
Prof. G.D.Burrows AO KCSJ 
Mr. J.R. Evans 
Lt.Col. R.M. Lightfoot 

Capt. W.J.W. McAuley KCT(Scot) KCSt.J RFD JP 

Mrs. C. McGlashan 

Prof. T.F.Smith AM 

Assoc.Prof. P.G. Thorne 

Dr. J. Zillman AO (resigned September 2008) 

Patrons include: 

Prof. Suzanne Cory AC FAA FRS 
Sir Peter Durham AC KSt.J FAIM FPIA FAICD (de¬ 
ceased September 2008) 

Laureate Prof. Peter Doherty AC FAA FRS 
Dr. Phillip Law AC CBE FANZAAS FAIP FAA 
FTSE FFRSV 


Em.Prof. Nancy Millis AC MBE FAA FTSE 
Prof.Em. Sir Gustav Nossal AC CBE FAA FRS FTSE 
Chancellor The Hon. Dr. Barry Jones AO FAA FAHA 
FTSE FRSA FRSV 

The Foundation is a company limited by guarantee 
and has the general aim of directly assisting the Soci¬ 
ety in fulfilling its charter in respect of the promo¬ 
tion and advancement of Science and Technology by 
raising and soliciting monies for the exclusive use of 
the Society. 

F.T. Smith 

Honorary Secretary 

RSV-INTREPID 

(THE ROYAL SOCIETY OF VICTORIA’S 
INTERNATIONAL RESEARCH EXPEDITION 
POLAR INTER-DISCIPLINARY VOYAGE 
CONNECTING YOUTH WITH SCIENCE) 

The Society was unable to raise matching funds of 
$3M by 30 lh June, 2008 and regrettably this project 
was unable to proceed. 
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2008 PROGRAM 

The Society continued its program of free evening lectures held on the second Thursday ot each month, March 
to December. The lectures were of very high quality with speakers recognised as experts in their field and we 
are very grateful to all of the speakers. 

Lecture Series 


13 March 

Laureate Professor David V Boger, FRS, Particulate Fluids Processing Centre, Department 
of Chemical and Biomolecular Engineering, The University of Melbourne 
“THE IMPACT OF RHEOLOGY ON ENVIRONMENTAL PRACTICES IN MINERALS 
(ENVIRONMENTAL RHEOLOGY)” 

10 April 

Professor Ian Simmonds, Professor of Meteorology, School of Earth Sciences, The Univer¬ 
sity of Melbourne 

“DRAMATIC CHANGES IN LIQUID AND FROZEN WATER: CLIMATE CHANGE IN 
AUSTRALIA AND THE ARCTIC OCEAN” 

8 May 

May Professor M. Burgman, Director, Australian Centre of Excellence for Risk Analysis, 
School of Botany, The University of Melbourne 

“ELICITING EXPERT JUDGEMENTS FOR ENVIRONMENTAL RISK ANALYSIS” 

12 June 

Dr. T. Beer, Leader, CSIRO Marine and Atmospheric Research 

“NATURAL HAZARDS and the INTERNATIONAL YEAR OF PLANET EARTH” 

10 July 

Dr. Geoff Lacey, Departments of Civil and Environmental Engineering and School of 

Social and Environmental Engineering, The University of Melbourne 
“ECOLOGICAL HISTORY OFTHE MIDDLE YARRA” 

14 August 

Professor Paul Zimmet, AO, FTSE, Professor Director and Head, International Diabetes 
Institute 

“GLOBALISATION, COCA-COLONISATION AND THE DIABESITY EPIDEMIC” 

11 September 

Professor Rachel Webster, School of Physics, The University of Melbourne 

“THE FIRST STARS IN THE UNIVERSE: NEW TELESCOPES SHEDDING NEW 

LIGHT” 

9 October 

Professor Michael A. Parker, Associate Director, Biota Structural Biology Laboratory, 

St. Vincent's Institute 

“IMPACT OF THE AUSTRALIAN SYNCHROTRON ON MEDICAL RESEARCH” 

13 November 

Dr. Ian Allison, Centre for Marine Science, University ofTasmania 
“THE INTERNATIONAL POLAR YEAR 2007-2008: AN ASSESSMENT OF MID¬ 
TERM PROGRESS AND SCIENCE ACHIEVEMENTS” 

11 December 

Professor Steven Prawer 

The Royal Society of Victoria 2008 Medal Lecture (Physical Sciences) 

Professor of Physics, Program Manager, ARC Centre of Excellence for Quantum Computer 
Technology, Technical Director (Experimental Research) Quantum Communications 
Victoria 

“DIAMOND: A PHYSICIST’S BEST FRIEND” 
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In addition, there were a number of other activities 
open to members. 

The Koval Society of Victoria and Geological 
Society of Australia Inc. (Victoria Division) A. W. 
Ilowitt Lecture The fifth lecture entitled “Lies, 
Damn Lies and Climate Change Sceptics: What Has 
Caused Recent Global Warming?” was given by Pro¬ 
fessor David J. Karoly, Professor of Meteorology and 
Federation Fellow, School of Earth Sciences, The 
University of Melbourne on 19 th June. 

The Royal Historical Society of Victoria and 
The Royal Society of Victoria lectures entitled “A 
Land Specially Dedicated To The Unforeseen The 
El Nino Droughts of 1864-69 In T he Australian 
Colonies" was presented by Associate Professor 
Don Garden, Senior Fellow, Australian Centre for 
the Study of Science, Innovation and Society and 
Principal Fellow in the School of Historical Studies, 
The University of Melbourne on 7 th August and 
“The Adventures of an Historian in the Interna¬ 
tional Arms Trade: Writing the History of the 
Collins Class Submarine Project” was presented 
by Dr. Peter Yule, Research Fellow of the History 
Department, The University of Melbourne on 25 lh 
September. 

RSV Post-Graduate Student Prizes 

The six finalists for the student prizes spoke on 21 st 
August with the prize in Biological Sciences going 
to Bradley Clarke for his talk on "Persistent Organic 
Pollutants in Australian Sewerage Sludge” and the 
prize in Physical Sciences going to Alisa Becker for 
her talk on “Engineering Novel Delivery Vehicles for 
DNA Therapeutics”. All the talks were noted as 
being of very good quality. 

The Society also held joint meetings with the 
Australian Institute of Energy Melbourne Branch. 

FELLOW OF THE ROYAL SOCIETY OF 
VICTORIA (FRSV) DAVID V. BOGER 

David Boger was educated in the United States receiv¬ 
ing a PhD in Chemical Engineering from the Univer¬ 
sity of Illinois in 1965. In Australia he has held 
positions in Chemical Engineering at both Monash 
University and The University of Melbourne. 

Currently he is Laureate Professor and Professor 
of Chemical Engineering at The University of Mel¬ 
bourne. He is immediate past Director of the Particu¬ 


late Fluids Processing Centre (a Special Research 
Centre of the Australian Research Council), past 
Head of Chemical Engineering and former Deputy 
Director of the Advanced Mineral Products Centre. 
His research is in non-Newtonian fluid mechanics 
with interests ranging from basic polymer and par¬ 
ticulate fluid mechanics to applications in the miner¬ 
als, coal, oil, food, and polymer industries. From 
1991-2002 Professor Boger was Chairman of the 
Trade Waste Acceptance Advisory Committee, a 
group which advised the City of Melbourne on in¬ 
dustrial trade waste discharges to the trunk sewer 
system, l ie held the position of BIIP Billiton Fellow 
from 2000-2003. 

Highlights of his research include the discovery of 
constant viscosity elastic liquids (Boger fluids); de¬ 
tailed experimental investigations using such materi¬ 
als to define fluid elasticity effects in important flows; 
the linking of basic surface chemistry to the contin¬ 
uum properties and the processing of particulate flu¬ 
ids; developing novel methods for flow property 
measurement; and the linking of the basic research to 
significant industrial outcomes in the petroleum, food 
and minerals industries. He is well-known for exploit¬ 
ing rheology for waste minimisation in the minerals 
industry. 

David Boger has received many awards which 
include The Prime Minister’s Prize for Science in 
2005, the 2002 Victoria Prize, and the Gold Medal of 
the British Society of Rheology. An early award was 
The Royal Society of Victoria Medal in 1985. In 
2007 he was elected to The Royal Society. 



Professor Boger receiving his FRSV presented 
by Assoc.Prof. Thorne following his address to the 
Society. 




XXII 


COUNCIL OF THE ROYAL SOCIETY OF VICTORIA 


THE RESEARCH MEDAL FOR 2008 

The 44 ,h Award of the Society's Medal for Scientific 
Research (The Royal Society of Victoria Research 
Medal) was awarded to Professor Steven Prawer. 
The presentation to Prof. Prawer was made by Pro¬ 
fessor Burrows on 11 th December, 2008. 

STUDY GRANTS 

The Post Graduate Student Prize was run this year as 
part of the Society’s contribution to Science Week, 
and had three candidates. Gemma Kirwan, Bianca 
van Lierop and Alisa Becker competed for the Physi¬ 
cal Prize and three, Guangquiang Geng, David Ack- 
land and Bradley Clarke competed for the Biological 
Prize. No Earth Science candidates competed so the 
fund provided by the Archbold Estate has not yet 
been used. 

Generous donations from Members, the E.D. Gill 
Memorial Fund and the RSV funded the Prizes. The 
awards were judged by Mr. Mark Williams, (Physics), 
Prof. Lynne Selwood and Dr. Mary Familari (Biology) 
and Prof. John Buckeridge, acted as Moderator. 

The winner of the Physical Sciences Prize was 
Alisa Becker, who spoke on “Engineering Novel 
Delivery Vehicles for DNA Therapeutics" 

The winner of the Biological Sciences Prize was 
Bradley Clarke, who spoke on “Persistent Organic 
Pollutants in Australian Sewerage Sludge” 

Prof. Graham Burrows, the President, presented 
the prize of S500.00 plus the winner’s certificate to 
the winners and a runner-up certificate to the others 
at the end of the evening. 

In the three years since the start of the Post Grad¬ 
uate Student Prize Nights, donations from Members 
and the E. D. Gill Award have covered the cost of the 
Prizes and the Society has supported the cost of the 
evening. This successful function can be further sup¬ 
ported by Members if they wish to make a donation 
to the Post Graduate Student Prize Fund. 

Lynne Selwood 
Councillor 


MEMBERSHIP COMMITTEE 

Prof. Lynne Selwood (Convener), Lt.Col. Richard 
Lightfoot, Prof. Mike Sandiford, Prof. Peter Ker¬ 
shaw, Prof. John Buckeridge, Mr. Mark Williams. 


Mr. Peter Baines and Mr. Martin Harris are co-opted 
members. 

The Society now has 691 members and 139 
members in arrears. In the last few years member¬ 
ship has been somewhat artificially inflated by otter¬ 
ing free membership to people who participate in 
symposia and present their work at Ordinary Meet¬ 
ings. Many do not renew membership and the cost to 
the Society is high so in future Speakers will be of¬ 
fered the opportunity to join but the joining fee of 
S50.00 will be waived. 

The Society hopes in the future to attract more 
Corporate Members and Corporate Sponsors and 
Members can participate in increasing these mem¬ 
berships by encouraging suitable candidates to apply 
or by contacting the Executive Officer. 

Student membership is higher, largely due to the 
Post Graduate Student Prize nights. These nights in¬ 
crease student membership and some students 
choose to stay in the Society when they find how in¬ 
teresting the Ordinary Meetings can be. 

Lynne Selwood 

Convener of the Membership Committee 

MEMBERSHIP 2008 


Elected 69 

Transfer to Life Membership 1 

Transfer to Life Membership (Honoris Causa) 0 
Resignations 38 

Deaths 4 

Removals (failure to pay subscription) 45 

Total Membership 819 


Corporate Members 
Australian Delphi User Group Inc. 
Davies Collison Cave 
Melbourne Grammar School 
School of Philosophy (Melb) Inc. 
Woodleigh School 


VALE 

The following deaths arc recorded with deep sympathy 
Mr. Colin T. Crotty 
Sir Peter Derham, AC, KStJ 
Dr. Roderick James Esdaile 
Dr. Lance Finch 
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PROCEEDINGS 

The two parts of Volume 120 were published within 
the 2008 calendar year, primarily due to the hard 
work of the Technical Editor, Dr. Elizabetli Weldon. 
The first issue was the Proceedings of the Archbold 
Symposium and a small number of hard-covered ver¬ 
sions were printed to sell. The second issue was a 
regular one with submitted manuscripts. 

The book “Volcanoes in Victoria” sold out and due 
to the popularity of this title, a reprint was approved. 

Alan Yen 
Honorary Editor 

PROCEEDINGS 

The papers included in Volume 120 (Numbers 1 and 
2) are listed below. 

NUMBER 1 

Alvarez, Fernando & Brunton, C. Howard C. 

On the reliability of reconstructing and comparing 
brachiopod interiors and their morphological varia¬ 
tions based solely on serial sections (58) 

Angiolini, Lucia & Long, Sarah L. 

The ENS Collection: a systematic study of brachio- 
pods from the Lower Permian Voringen Member, 
Kapp Starostin Formation, Spitsbergen (75) 

Biakov, Alexander S. 

Permian bivalves of the Family Kolymiidae Kusnc- 
zov of northeast Asia: systematics, evolution, and 
biostratigraphy (104) 

Branagan, David 

Captain Eugene de Hautpick A Russian ghost in 
Australian mining and geological history? (118) 

Campbell, 1-1 amish .1., Adams, Chris J. & 
Mortimer, Nick 

Exploring the Australian geological heritage of Zea- 
landia and New Zealand (38) 

Campi, Monica J. 

New taxa and combinations of Neil W. Archbold (27) 

Cisterna, G.A. & Sterren, A.F. 

Late Carboniferous Levipustula Fauna in the Leon- 
cito Formation, San Juan Province, Argentine Pre¬ 
cordillera: biostratigraphical and 
palaeoclimatological implications (137) 


Davey, Christopher J. & Edwards, W. Ian 
Crucibles from the Bronze Age of Egypt and Meso¬ 
potamia (148) 

He, Weihong, Sin, G.R., Gao, Yongqun, Peng, 
Yuanqiao, & Zhang, Yang 

A new Early Triassic microgastropod fauna from the 
Zhongzhai Section, Guizhou, southwestern China 
(157) 

Hiller, Norton, Robinson, Jeffrey H. & Lee, 
Daphne E. 

The mieromorphic brachiopod Argyrotheca (Tere- 
bratulida: Mcgathyridoidea) in Australia and New 
Zealand (167) 

Lieberman, B.S. 

Emerging syntheses between palaeobiogcography 
and macroevolutionary theory (51) 

Long, John A. & Holland, Timothy 
A possible ‘clpistostegalid’ fish from the Devonian 
of Gondwana (184) 

Martinez ChacGn, M. Luisa & Winkler Prins, 
Cor F. 

New Bashkirian (Carboniferous) brachiopods from 
Latores (Asturias. N Spain) (194) 

Pascoe, Jack H., Cooke, Raylene & White, John G. 
Detection of owls, owlet nightjars and arboreal 
mammals in edge environments of Cape Otway, 
south_western Victoria (206) 

Pierson, R.R. 

Glacigene Permian sediments and associated striated 
pavements of Victoria - an historical review (216) 

Ramsay, William R.H. & Ramsay, Elizabeth G. 

A case for the production of the earliest commercial 
hard-paste porcelains in the English-speaking world 
by Edward Flcylyn and Thomas Frye in about 1743 
(236) 

Sherwood, J., Mondon, J. & Fenton, C. 
Classification and management issues of estuaries 
in western Victoria, Australia (257) 

Shi, G.R., Chen, Z.Q. & Tong, Jin-Nan 
New latest Carboniferous brachiopods from the 
Hexi Corridor Terrane, North China: faunal migra¬ 
tions and palaeogeographical implications (277) 

Stokes, David 
Foreword (1) 
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Taboada, A.C. 

First record of the Late Palaeozoic brachiopod Ver- 
chojania Abramov in Patagonia, Argentina (305) 

Taddei Ruggiero, Emma & Raia, Pasquale 
Ontogeny in Terebratula species: functional conver¬ 
gence and allometry but not heterochrony (320) 

Talent, John A. 

Passing of a polymath: Neil Wilfred Archbold 
(1950-2005) Professor of Palaeontology, Deakin 
University (2) 

Talent, John A. & Camp I, Monica J. 

Bibliography of Neil W. Archbold (14) 

Tazawa, J. 

A bipolar brachiopod genus Terrakea Booker, 1930 
from the Middle Permian of the South Kitakami 
Belt, northeast Japan (332) 

Warne, Mark Thomas 

Comments on the identity of Trachyleberis scabro- 
citneata (Brady, 1880) and Trachyleberis lyttelton- 
ensis Harding and Sylvester-Bradlcy, 1953 
(Ostracoda) from Australasian and Asian marine 
waters (341) 

Waterhouse, J.B. 

Golden Spikes and Black Flags - macro-inverte¬ 
brate faunal zones for the Permian of east Australia 
(345) 

Webb, J.A. & Spence, E. 

Glaciomarine Early Permian strata at Bacchus 
Marsh, central Victoria - the final phase of Late 
Palaeozoic glaciation in southern Australia (373) 

Winkler Prins, Cor F. 

Some spiriferid brachiopods from the Permian of 
Timor (Indonesia) (389) 

NUMBER 2 

Boon, Paul I., Raulings, Elisa J., Roache, 
Michael & Morris. Kay 
Vegetation changes over a four-decade period in 
Dowd Morass, a brackish-water wetland of the 
Gippsland Lakes, south-eastern Australia (403) 

Council Of The Royal Society Of Victoria 
Annual report for the twelve months ending 31 De¬ 
cember 2007 (liii) 

England, Matthew H. 

Water mass variability and change in the Southern 
Ocean (i) 


Harrington, H.J. Larry, 

Zealandia, Victoria, Tasmania, southeast Queens¬ 
land, New Caledonia and the Austral Volcanic Island 
Arc (v) 

Rich, Thomas H. & Vickers-Rich, Patricia 
Tunneling into permafrost for polar dinosaurs (xli) 

Twidale, C.R. & Kenley, P.R. 

A.D.N. Bain and inselberge (419) 

Volume 121 will be published in 2009. 

OTHER PUBLICATIONS 

Spiders and Scorpions Commonly Found in Victoria by 
Ken L. Walker, Alan L. Yen and Graham A. Milledge. 

The Yarra: A Natural Treasure by David Beardsell 
and Cam Beardsell. 

Gemstones and Minerals of Victoria by William D. 
Birch and Dermot A. Henry (joint publication with 
the Mineralogical Society of Victoria). 

Volcanoes in Victoria by William D. Birch. 

Education, Antarctica, Marine Science and Austral¬ 
ia's Future, Proceedings of the Phillip Law 80 th 
Birthday Symposium. 

The Royal Society of Victoria from Then, 1854 to 
Now, 1959 by R.T.M. Prescott (reprinted). 

Facsimile edition of the Inaugural Addresses of the 
First Presidents , Mr. Justice Redmond Barry, Presi¬ 
dent of The Victorian Institute for the Advancement of 
Science, and Captain Andrew Clarke. R.E., Surveyor 
General, President of The Philosophical Society. 

Facsimile edition of The Transit of Venus 1874 by 
R.L.J. Ellery 


LIBRARY 

It is noted that Dr. Laurie Martinelli served as the 
Society’s Honorary Librarian for the greater part of 
the year and it was during his term that considerable 
acquisition and activity took place and this work is 
acknowledged on the Society’s behalf. 
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The library of Past President Professor Neil 
Archbold was placed with the Society and deposited 
with the Society’s Library Collection at the Dcakin 
University - Burwood Campus. There the Archbold 
Collection is presently accessible for use and its cat¬ 
aloguing is progressively taking place. However as 
there is a considerable amount of foreign language 
material, this has to be ‘sent out’ for expert catalogu¬ 
ing, and this is not expected to be completed until 
late 2009. 

Early in the year the opportunity arose to hastily 
‘acquire’ the library of polar explorer, geologist and 
RSV Fellow, Dr. Larry Harrington by way of the 
Commonwealth’s Taxation Deductible Gift Recipi¬ 
ent legislation. 

Vice-President Captain Bill McAuley and Exec¬ 
utive Officer Ms Camilla van Mcgcn travelled to 
central New South Wales and over several days as¬ 
sisted Dr. Harrington to sort through his substantial 
book collection. The titles chosen were considered 
likely to be unique to the Society's holding. The 
books were packed in some 35 cartons and trucked 
to Deakin University’s Waterfront Campus at Gee¬ 
long, where they have been unpacked onto shelves 
and await listing, cataloguing and valuation. 

Due to the time constraints a list of the Har¬ 
rington Collection was not made at the time of selec¬ 
tion and this will need to be done to enable valuation. 
Due to the unique nature of the collection catalogu¬ 
ing will require specialist treatment and is not likely 
to commence until the latter part of 2009. 

Another matter which Dr. Martinelli put in place 
was the drafting of a new Library Agreement for 
conclusion with Deakin University. This was done 
with the pro bouo assistance of lawyer Mr. Logan 
Armstrong who, through several drafts, has reached 
a comprehensive document which has been recently 
sent to the Society’s current 1 lonorary Solicitor, Mr. 
Andrew Blogg of Aitken Partners, for further review. 
It is hoped to present this document to Deakin early 
in 2009. 

Early in the year Council resolved to have four 
glass doors made for the two substantial bookcases 
on the northern end of the Society’s Library. These 
doors were modelled on those of the in the Lecture 
Hall and were made by Mr. Alan Lugton. 

Following my election as Librarian in August 1 
visited Dcakin University - Burwood Campus in the 
company of former RSV Honorary Librarian Mr. 
Basil Walby to review housing and access to the So¬ 
ciety’s Collection with Deakin’s Special Collections 
Manager, Ms Kirsten Thornton. The Collection is 


presently held in a separate locked area in Deakin’s 
Library building. Most of the Collection is located in 
two ‘compactus’ units and that comprises mono¬ 
graphs and runs of some 500 serials. 

However the Professor Neil Archbold, Mr. Rob¬ 
ert Foster and Dr. Phillip Law collections are on 
open shelving for ready access. The latter two collec¬ 
tions have already been catalogued and are listed as 
part of the Society’s Collection in the Deakin Uni¬ 
versity’s on-line catalogue. 

Access to the ‘Society’s Room’ is by appoint¬ 
ment and user’s may use the collection within that 
room in accord with the University's Special Collec¬ 
tion’s policy. 

A report comprising ‘a history’ of the RSV Li¬ 
brary and its components was generated and circu¬ 
lated for comment. This ‘working’ document has 
since been added to as information comes to hand. 

The 363 serials received, on exchange for our 
own Proceedings, at the Society’s Victoria Street 
Hall are presently assembled by Mrs. Janet Jackson 
and periodically sent to Deakin’s Waterfront Campus 
for accessioning. I gratefully thank and commend 
Mrs. Jackson for this onerous task which she has 
done for a number of years. 

It is noted that the Society still has substantial 
book holdings within its Hall. These mostly com¬ 
prise serials, including its own Proceedings and 
Transactions , and that of sister Societies in Australia. 
The majority of the monographs are held in the 
bookcases in the Lecture Hall. 

In November 2008, RSV Councillor Professor 
Lynne SeKvood drew attention of the opportunity for 
a visit of a University of Sydney, Fisher Library staff 
member Ms Judy Campbell. A meeting was con¬ 
vened in December with former Society Librarian 
Dr. Joyce Richardson. Mr. David Dodd and Profes¬ 
sor Selwood and strategic directions and valuation of 
the Society’s remaining library were discussed. 

Priority was given to the placement of the Socie¬ 
ty’s own record of Proceedings and Transactions be¬ 
hind glass. It was noted that there were some issues of 
these missing, but given that several complete sets of 
Proceedings were distributed in the early 1990s it was 
hoped that some could be ‘retrieved’. 

Attention was drawn to a set of cards in the Li¬ 
brary catalogue cabinet which appear to have been 
done in the 1990s in Dewey decimal order, which 
may represent the remainder of Society's in-house 
monograph holdings. This record has since been 
placed in author order for checking against a physi¬ 
cal list. 



XXVI 


COUNCIL OF THE ROYAL SOCIETY OF VICTORIA 


The ‘tidying’ up of the Lecture Hall bookcases 
revealed an unbound copy of Georg Balthasar von 
Neumayer’s Results of the Meteorological Observa¬ 
tions Taken in the Colony of Victoria 1858-64 , and 
two bound copies of same. The contents of one book¬ 
case has been listed by shelf content in author order 
and the other case will be done early in 2009. A 
number of these books have been donated to the So¬ 
ciety by their authors or have been bound by a donor. 

The Society's own record has now been placed 
behind locked glass in the Library, with missing is¬ 
sues of Proceedings being for 1861-63 and 1914 
noted from that collection. Duplicates of many is¬ 
sues have been similarly placed behind glass. 

It is noted that The Society’s substantial Library 
is not mentioned on its own website nor is its pres¬ 
ence generally known or that of its large archive 
which, up until 1980, is held at the State Library of 
Victoria and appropriately catalogued. 

Other remnant artefacts of early sponsored ex¬ 
plorations are also held by the State Library and the 
National Herbarium. The record of Victoria’s oldest 
weather station, located in the Society's precinct, is 
also available at the Bureau of Meteorology. 

Council has recently approved a draft informa¬ 
tion leaflet for initial circulation to our ‘partners’ for 
approval and then for costing with a view to having it 
printed. This information would also then be availa¬ 
ble to place on the Society’s website. 

Jim Lowden 
Honorary Librarian 

THE HALL 

It is pleasing to note that numerous organisations 
conducted over 468 meetings during the year. 

RECIPROCAL ARRANGEMENTS WITH 
THE KELVIN CLUB 

Negotiations between the Society and The Kelvin Club 
resulted in The Kelvin Club providing access to its fa¬ 
cilities to Members of the Society (at no fee except for 
consumables) over two years as a trial (2008-2009 in¬ 
clusive). Members ofThe Kelvin Club will enjoy simi¬ 
lar rights in the Society over the same period. 

Members of the Society may avail themselves 
the opportunity of enjoying these rights simply by 
approaching The Kelvin Club in the usual way. 


METEOROLOGICAL OBSERVING SITE 

The Commonwealth Bureau of Meteorology contin¬ 
ues its lease. 

CITY OF MELBOURNE 

The Council wishes to acknowledge with gratitude 
the continued maintenance and refurbishment of the 
grounds of the Society as part ofThe City of Mel¬ 
bourne’s open space system. 

FINANCE AND INVESTMENTS COMMITTEE 

Prof. Lynne Selwood (Chair). Prof. Graham 
Burrows, Lt. Col. Richard Lightfoot. Prof. John 
Lovering, Dr Bill Birch 

This year has seen significant changes in the way the 
Society manages and reports on its financial activi¬ 
ties. This has been brought about through the work of 
the Finance and Investments Committee (FIC), es¬ 
tablished by Council early in 2008 to implement new 
financial procedures recommended in a report pre¬ 
pared by an external Review Accountant, acting 
under the auspices of an Audit Committee. 

The FIC has conducted a detailed investigation 
of the Society’s income and expenditure in the period 
2005-2007, with a view to solving the problems 
identified by the Review Accountant, as well as pro¬ 
viding routine scrutiny of the Society’s financial 
records to meet legal requirements under the Incor¬ 
porations Act. 

The FIC has been greatly assisted in its work by 
the Administration Officer Finance, Mr. Alex 
Tsakmakis, and the Acting Executive Ofliccr, Dr. 
Robb Stanley, and we are very grateful for their help. 

The FIC has worked to improve the financial 
management of the Society and eliminate the unsat¬ 
isfactory financial practices identified both by the 
Review Accountant and subsequently during its own 
investigations. In particular, it has established proce¬ 
dures that will prevent:- 

• excessive expendimre on entertainment and 
alcohol, 

• allocation of large fringe benefits, which also in¬ 
creased the Society’s FBT, without Council 
approval, 

• reimbursement of significant personal expendi¬ 
ture by Staff or Councillors without Council 
approval, 
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• significant deficiencies in the procedures deal¬ 
ing with building works that have occurred in the 
past, where there were insufficient records to 
show what many payments were for or if work 
was even carried out, 

• loss of Society assets over time, by an annual 
check of the Asset Register. An asset check con¬ 
ducted by the FIC established that furniture, 
paintings, rugs and other items worth nearly 
$5,900 were missing, some of them purchased as 
recently as 2006-2007. 

Lynne Selwood 


AUDIT COMMITTEE 

Prof. Lviwe Selwood (Chair), Prof. John Lovering, 
Prof. Fred Smith 

In late 2007, in response to many requests from Coun¬ 
cillors to have transparency in the financial statements 
and procedures, the Council appointed an Audit Com¬ 
mittee to review the processes and practices of the So¬ 
ciety with respect to the handling of its financial affairs 
and to appoint a Review Accountant. 

The Review Accountant was asked to examine 
the financial affairs, systems and practices of the So¬ 
ciety from 2005-2007, to ensure that they complied 
with taxation requirements, the obligations of a not 
for profit organization, and the audit obligation of a 
recipient of State, Commonwealth or private grants, 
donations and bequests. 

To facilitate the role of the Review Accountant 
and implement his suggestions, the Audit Committee 
drew up the Financial Procedures of the Society, 
which was based in part on the processes and practices 
currently used in the Universities. The Procedures 
were discussed with the Executive Officer, Adminis¬ 
tration Officer - Finance, Honorary Treasurer and Re¬ 
view Accountant before finalizing the document. 

The appointment of the Audit Committee and the 
Review Accountant was strongly supported by a 
large majority of Councilors. After extensive investi¬ 
gation by the Review Accountant and the Audit 
Committee of the financial documents for the period 
I st January 2005 to 31 s1 December 2007, the Commit¬ 
tee found that the appointment of the Review Ac¬ 
countant and establishment of the Financial 
Procedures was both necessary and overdue. The in¬ 
dependent Review Accountant revealed serious 
problems with a number of areas including:- 


1. Failure to properly maintain the Asset Register 
from 1998. 

2. Failure to keep track of the realization of assets 
from the sale of shares in the Ralton Group 
Discretionary Share Portfolio. 

3. Failure to comply with the maintenance of 
records to adequately support taxation paid in 
GST and FBT. It appears that there has been 
over-claiming of GST and understatement of the 
FBT liability. 

4. The Committee found that the FBT expenses 
were excessive and totally out of proportion to 
the size of the Society and its resources. 

5. Failure to obtain detailed purchase orders and at 
least two quotations for building works and 
maintenance. 

6. Failure to retain adequate documentation to sup¬ 
port the reimbursement of the Executive Officer 
and a Councilor and to establish that the personal 
expenditure was necessary for Society business. 

7. Failure to retain adequate documentation on ex¬ 
penditure on special projects so that the true cost 
to the Society of these projects could be 
established. 

In summary, the Audit Committee found that the 
Finances of the RSV have not always been handled 
in an appropriate and professional manner and the 
lack of transparency of the Financial Reports did not 
help Council to identify problems. 

It recommended that the new Financial Proce¬ 
dures and Financial Reports pro forma developed by 
the Audit Committee be implemented immediately 
and rigorously enforced by the Finance and Invest¬ 
ments Committee and the Council. 

It also recommended that the Audit Committee 
be wound up and the Finance and Investments Com¬ 
mittee assumes responsibility for the implementation 
of the Financial Procedures of the Society and any 
outstanding issues. The Finance and Investment 
Committee has already addressed most of the prob¬ 
lem areas listed above and their report should be read 
to see what actions have been taken. 

Prof. Lynne Selwood (Chair), Prof. John 
Lovering, Prof. Fred Smith 

FINANCIAL ACCOUNTS 

The Society’s accounts as at 31 st December 2008 
have been audited and confirmed by Mrs. Kovassy, 
as the Society’s Honorary Auditor. 
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1. Balance Sheet 

The reporting period (I st January 31 st December 
2008) shows Total Members Funds increased by 
S215,563 and this is reflected all the way to Net As¬ 
sets. This increase though includes funds received 
during 2008 for work that will be completed during 
2009. 

Fixed Assets increased due to the costs of the up¬ 
grade in computers, replacing Cottage fixtures and 
fittings such as floor coverings, heating and stove, as 
well as the balance of payment for Dr. Law's painting 
to the artist. 

Total Current Liabilities includes 535,139 being 
funds received in error from Monash University and 
to be returned, balance of current liabilities being 
Proceedings printing, postage costs and expenses for 
Young Science Ambassadors program. 

Shares (at market value) are quoted according to 
their portfolio valuation provided by Ralton Group 
Ltd. 

This is a significant reduction of 5116,115 from 
the previous year and is a result of the financial tur¬ 
moil thatwas experienced during the later part ol 
2007 and all of 2008. 


2. Statement of Income and Expenditure 

A REVENUE 

1. Donations and Grants 

Grant of 5127,273 from the Federal Department 
of Environment, Water, Heritage and theArts and 
a further donation of 525,000 from the Vera 
Moore Foundation to assist with exterior build¬ 
ing renovations. 

Donation of 561,000 from The Yulgibar 
Foundation to assist with the employment of a 
Project Officer. 

Bequest from the Estate of Henry R. C. Pratt of 
530,000. 

Balance from members. 

All donations arc gratefully received and allow 
the Society to continue to serve members and the 
advancement of science in Victoria. 

2. A slight increase in Members Subscriptions from 
582,820 to 586,124. 

3. Sales of Proceedings is considerably down on 
previous year. Income during 2008 included one 
otT sales and a contribution of 510,000 from 
Deakin University. 

4. Sales of publications remained steady. 


5. Rental income increased by just under S70.000 
with high level of hire that continued through out 
the year. 

6. Symposia and Seminars well down as no major 
symposia were conducted during the year. 

7. Projects during the year. While RSV 
INTREPID had to be abandoned due to a lack of 
matching funding the Young Science 
Ambassadors program got off the ground. 

8. Slight increase in Sundry Income. 

Overall Total Revenue increased just under 7(1% 
to 5785,538. While this is commendable it includes 
funds received during 2008 but not yet spent. Exte¬ 
rior Building renovation expenditure and the balance 
of Young Science Ambassadors’ expenses will be in¬ 
curred during 2009. 

B EXPENDITURE 

1. Advertising, minimal paid advertising during the 
year. 

2. Minimal Fundraising activities. 

3. Insurance steady. 

4. Office Expenditure again increased by 20% dur¬ 
ing the year. Approximately half of this increase 
was due to preliminary work on the Society’s 
new website, computer software and hardware 
support/repairs. The balance was in stationery 
and printing. 

5. Caretaking and Property Attendance decreased. 
Expenses during 2008 included a one off cost 
setting up the garden. 

7. Repairs and Maintenance has reduced. As major 
renovation works are completed normal repairs 
should continue to be modest, consisting of pre¬ 
ventive maintenance and unforeseen 
breakdowns. 

8. Salaries (including on costs) have increased sig¬ 
nificantly due to payout of annual leave and long 
service leave accruals for the Executive Officer, 
Ms Camilla van Megcn who left during 
September. 

9. Rental costs have increased, and reflects the cost 
in servicing the increased rental use of the 
premises. 

10. The cost of our Proceedings increased by approx 
4%. Again three issues published this year, with 
one of the issues being a particularly large 
volume. 

11. Seminar and Symposia expenses decreased in 
line with the reduced activity. 

12. No significant other project activity. 
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13. Sundry expenses are marginally up from previ¬ 
ous year. 

An overall increase in Total Expenditure to 
$444,517.00 was realized; with a recorded surplus 
of $215,563.00 after abnormal building, RSV-IN- 
TREP1I), South Magnetic Pole Flight and Young 
Science Ambassadors’ expenses. 

3. Schedule of Investments 


Mr. Alan Lugton, Caral Building Services Pty. 
Ltd. 

Mr. David Dodd 
Mr. Roger Morgan 

Volunteer assistance with the Newsletter - Ms 
Wendy Coates, Mr. Leon Costermans, Mrs. Bar¬ 
bara Day, Mr. Ian Farnsworth, Mr. Bill Fenner, 
Mr. Richard Franklin, Ms Maretta Frolley. Mr. 
Jim Lowden, Mrs. Elaine Muir and Mr. George 
Snelling. 

Ms Janene Blanchfield-Brown 


The market value of the Discretionary Share Portfo¬ 
lio (managed by the Ralton Group Ltd.) stands at 
$ 169,763.00 This represents $40,763 over the acqui¬ 
sition cost. 

The Cash and Share Summary provides a useful 
picture - the total of which stands at $824,128, an 
increase of $112,084 over the reporting period. 


4. Observations 

1. As the Society’s accounts have operated in the 
past as a cash flow budget, donations for specific 
projects (painting) have distorted the record of sur¬ 
pluses as the money has to be committed to a spe¬ 
cific project rather than for general expenditure. 

2. The Society needs to establish a significant in¬ 
vestment fund from donations so the dividend 
income can assist the year on year income. 

3. I would like to thank the staff of the Society for 
their assistance to me in my term as Honorary 
Treasurer. 

Richard Lightfoot 

Honorary Treasurer 


ACKNOWLEDGMENTS 

The Society’s thanks and appreciation are due those 
people and organisations that contributed their valu¬ 
able assistance during the year. Notably: 

Mr. Andrew Blogg, Honorary Solicitor 
Mr. Alistair Urquhart, Affairs of State 
Lt. Col. Richard Lightfoot, Honorary Engineer 
Dr. Elizabeth Weldon, Honorary Managing Editor 
Mrs. Marianne Kovassy, Honorary Auditor 
The Ralton Group Ltd., Honorary Financial 
Investment Advisors 


ADMINISTRATION 


Our previous Executive Officer Ms Camilla van 
Megen, continued to manage the Society until Au¬ 
gust 2008. Flcr staff, together with their duties, are 
listed below. Council expresses its appreciation for 
their dedicated and efficient work on behalf of the 


Society. 

Ms Camilla van Megen 
Mr. Alex Tsakmakis 
Mrs. Janet Jackson 
Mr. David Dodd 

Mr. James McArthur 


Executive Officer 
(resigned September 2008) 
Administration Officer- 
Finance (part time) 
Administration Officer — 
Secretariat (part time) 
Project Officer (part time 
- appointed October 
2008) 

Functions and Property 
Manager 


1 thank also Dr. Robb Stanley who stepped into the 
breech following the resignation of Ms van Megen 
and assisted greatly in keeping the Society function¬ 
ing over the last four months of the year at no cost to 
the Society. 

This Report is approved by Council for presenta¬ 
tion to Members at the Annual General Meeting to 
be conducted Thursday, 12 ,h March, 2009. 


Graham D. Burrows AO, KCSJ 
President 
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INSTRUCTIONS FOR AUTHORS 


This is an abbreviated version of the instructions; for full 
instructions please refer to the downloadable pdf file on the 
RSV website at: www.sciencevictoria.org.au/proceedings, 
html 

Papers considered may be: Reviews, Reports of experi¬ 
mental or descriptive research, or Short Communications. 
Length may vary but Short Communications should not ex¬ 
ceed 1500 words. Manuscripts submitted must not have 
been previously published or be under consideration for 
publication elsewhere. 

SUBMISSION 

The original and two copies of the typescript and all tables 
and figures should be submitted to the Executive Officer. 
Royal Society of Victoria, 9 Victoria Street, Melbourne, 
Victoria, 3000. Use International A4 bond paper, printed on 
one side only. A CD-ROM containing all files comprising 
the paper should also be submitted, as many referees will 
accept papers by email. 

In a letter of transmittal, give the names and addresses 
(postal and email) of the author or co-authors. Also give the 
names, addresses and email addresses of three persons not 
directly associated with the work and outside the author’s 
institution, who could act as referees. 

Authors or their institutions may be requested to con¬ 
tribute towards the cost of publication of the paper and in 
the case of very long papers, such contribution is manda¬ 
tory. It will assist reviewers if related papers recently pub¬ 
lished or submitted elsewhere accompany the submitted 
manuscript. 

For all papers, presentation of the final manuscript on 
CD-ROM is mandatory. Please ensure all materials submit¬ 
ted are clearly identified with the corresponding author. All 
filenames should include the author's initials, and prefera¬ 
bly the paper number when allocated: similarly for discs. 

FORMAT 

All manuscripts should be written in clear and concise 
English with double spacing throughout: leave 30 mm mar¬ 
gins around the text; number all pages. 

All measurements are to be expressed in SI units (eg 
pm, mm, m, km but not cm) and standard symbols and ab¬ 
breviations to be used. When a number does not refer to a 
measurement it should be spelt out except when greater 
than nine. Fractions should be written in the form x/y. Geo¬ 
logical papers must follow the Australian Code of Strati¬ 
graphic Nomenclature and should cite geological maps in 
the text with italics for the 1:63 360 scries and full caps for 
the 1:250 000 series. New stratigraphic names should be 
registered with the Geoscience Australia (GA) Australian 
Stratigraphic Names Database. The Proceedings uses Aus¬ 
tralian spelling according to the latest edition of the Mac¬ 
quarie Dictionary. 

Papers should be organised as follows: 

(1) A brief title, capitalised and, if possible, beginning with 
a key word. 

(2) The name and address of the author(s), with numerical 
superscripts to distinguish addresses of multiple 
authors. 

(3) A full reference to the paper. 

(4) A short abstract of not more than 200 words describing 
the results rather than the contents of the paper. 

(5) Up to 5 key words. 


(6) The main text. Capitalise the first word of the introduc¬ 
tory paragraph; do not use the heading ‘Introduction’. 
Within the text up to three grades of headings may be 
used; see the full instructions for formats. 

Refer to images in the text as “Fig. 1 A, B”, “Figs 
1, 2” or “Figs 1-4”, and indicate in the margins where 
the illustrations should be placed. 

Cite references in the text as Archbold (1998), 
(Archbold et al. 1998) or (Archbold 1998:2, fig. 1); mul¬ 
tiple citations should be arranged chronologically. All ref¬ 
erences cited in the text must be listed at the end of the 
paper. Footnotes in the main text arc not allowed. Where 
there are multiple authors for a reference, “et al” is used, 
and is not italicised. For taxonomic works, please see the 
full instructionsfor formatting synonymies. 

(7) Acknowledgements. The source of financial grants 
and other funding, as well as the contribution of col¬ 
leagues or institutions, should be acknowledged. 
These should follow the main text and be as brief as 
possible. 

(8) References. Journal titles must be cited in full as they 
appear on the title page; see the full instructions for 
formats. 

Personal communications and unpublished data are not to 
be listed in the reference list but should be mentioned in 
full in the text (eg P. Brown pers. comm. 2002). 

(9) Figures and Tables. Numbered captions should be sup¬ 
plied as a separate file to the main manuscript. 

IMAGES 

All images (photographs, tables, illustrations, graphs) must 
be supplied electronically • as separate files (not embedded 
in the text) • as black & white or greyscale • in tiff, jpeg or 
eps format (not bmp) • numbered sequentially according to 
their appearance in the text (eg. AA-FigOl.tiff) • designed 
for one or two column width (67 mm or 138 mm), with 
maximum length 193 mm • at a resolution of at least 300 
dpi (for photos) and 800 dpi (for line artwork) at final size • 
with lines thicker than 0.3 point • with composite figures 
labelled A, B, C, etc., (not a. b, c). 

PROOFS 

Authors of accepted papers should maintain their contact 
details with the editor; a current email address is sufficient. 
Authors will receive a pdf of the page proofs. This is for 
correcting typesetters errors only. This should be returned 
to the editor within 72 hours. If absent, authors should ar¬ 
range for a colleague to check and return proofs to the edi¬ 
tor on their behalf. Authors will be charged for excessive 
alterations at this stage. 

REPRINTS 

Authors will be emailed a pdf of the final printed manu¬ 
script at the time of publication. Hardcopy reprints may be 
ordered. 

COPYRIGHT 

Upon publication, copyright of the paper (including illus¬ 
trations) is held by the Royal Society of Victoria. Any sub¬ 
sequent publication of any material shall be by written 
permission of the Society. Authors in Government institu¬ 
tions where copyright is retained by the Crown are exempt 
from transfer of copyright to the Society. 
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